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NOTE 

CHIS  volume  comprises  the  publications  of  the  Bender  Hy- 
gienic Laboratory  for  the  year  i903-*04.  These  have 
appeared  in  various  medical  journals,  but  for  the  sake  of  uni- 
formity in  paper  and  press  work,  the  reprints  have  been  taken 
from  the  Albany  Medical  Annals.  The  object  of  again  present- 
ing these  studies  is  to  bring  them  in  collected  form  before  those 
especially  interested  in  the  laboratory  or  its  work.  As  this  is 
the  first  attempt  to  establish  an  annual  publication,  which  shall 
adequately  represent  the  work  of  this  institution,  a  short  histor- 
ical sketch  of  the  origin  and  development  of  the  laboratory, 
with  a  list  of  previous  publications,  has  been  included. 

RICHARD  M.  PEARCE, 

Director, 

The  Bender  Hygienic  Laboratory 
Albany,  N.  Y.,  November^  1904. 
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HISTORY  OF  THE  BENDER  HYGIENIC  LABORATORY 
By  GEORGE  B.  GORHAM.  M.  D. 

On  June  27th,  1895,  the  corporation  of  the  Bender  Hygienic 
Laboratory  was  formed,  the  members  being:  Mr.  Matthew  W. 
Bender,  Dr.  Albert  Vander  Veer,  Dr.  George  E.  Gorham,  Dr. 
Henry  Hun  and  Hon.  Robert  G.  Scherer. 

The  corporation  was  organized  to  take  over  from  Mr.  Bender 
twenty  thousand  dollars,  a  sum  which  Mr.  Bender  had  offered 
to  give  for  the  erection  of  a  laboratory  building  upon  the  condi- 
tion that  a  suitable  site  be  furnished.  The  board  of  trustees  was 
immediately  elected,  and  to  its  care  were  entrusted  the  generous 
gift  of  Mr.  Bender  and  the  carrying  out  of  his  wishes  in  securing  a 
suitable  site  and  erecting  the  building.  A  grant  from  the  city 
of  Albany  for  the  spacious  and  beautiful  grounds  on  Lake  avenue 
now  occupied  by  the  laboratory  was  promptly  obtained.  Messrs. 
Fuller  and  Wheeler  were  employed  as  architects,  and  under  the 
special  supervision  of  Mr.  Harry  H.  Bender  the  building  was 
completed  and  dedicated  on  October  27th,  1896. 

Dr.  George  Blimier,  of  the  Johns  Hopkins  Hospital,  was 
appointed  director  and  under  his  supervision  the  laboratory  was 
fully  equipped  with  necessary  apparatus.  About  one  hundred 
microscopes,  necessary  tables,  lockers,  etc.,  were  placed  in  the 
class  rooms;  steam  and  hot  air  sterilizers,  microtomes,  thermo- 
stats, freezing  apparatus,  etc.,  were  added  for  general  pathological 
and  bacteriological  work. 

This  generous  outlay  for  the  equipment  of  the  laboratory  was 
furnished  by  the  faculty  of  the  Albany  Medical  College.  Such, 
briefly,  is  the  history  of  the  conception  and  birth  of  the  Bender 
Hypenic  Laboratory.  Sixteen  months  from  the  time  the  subject 
was  first  presented  to  Mr.  Bender  for  his  consideration  by  his 
bmily  physician  the  building  was  completed,  and  opportunity  for 
one  of  the  most  important  scientific  works  in  the  history  of 
Albany  was  given. 

The  first  director  of  the  laboratory.  Dr.  George  Blumer,  and 
his  assistants^  Dr.  Lartigau,  Dr.  Elting,  Dr.  Carey  and  Dr.  Laird, 


■^  ^    \ -W  '  ^  Digitized  by  GoOgle 


under  the  direction  of  the  Albany  Medical  College,  arranged  and 
carried  out  a  course  of  instruction  in  pathology,  bacteriologfy, 
histology  and  microscopy  for  the  students  of  the  Albany  Medical 
College.  These  valuable  courses  of  instruction  are  continued 
throughout  each  college  year.  They  are,  in  fact,  part  of  the 
regular  curriculum  of  the  Albany  Medical  College,  and  classes 
of  forty  or  fifty  students  take  the  different  courses  annually.  Dr. 
Blumer  resigned  in  1903,  and  the  work  has  been  continued  by 
his  successor.  Dr.  Richard  M.  Pearce,  assisted  by  Drs.  Stanton 
and  Winne. 

The  Albany  filtration  plant  for  filtering  Albany's  water  supply 
is  under  supervision  of  the  laboratory,  and  daily  examinations  of 
the  water  are  made. 

By  special  contract  with  the  city  of  Albany  cultures  from  all 
cases  of  suspected  diphtheria  are  examined  and  reported  to  the 
attending  physician.  Sputum  from  suspected  cases  of  tuberculosis 
is  also  examined.  Work  of  the  same  character  is  done  for  the 
State  Department  of  Health  of  New  York. 

The  examination  of  milk  and  water  supplies  in  case  of  epi- 
demics throughout  the  State  is  a  part  of  the  work  done  at  the 
laboratory. 

Hundreds  of  examinations  of  pathological  specimens,  blood, 
sputum  and  urine  are  annually  made  for  the  hospitals  of  Albany, 
while  physicians  in  the  surrounding  country  are  constantly  send- 
ing specimens  for  examination. 

Added  to  this  general  work  of  the  laboratory  is  special  research 
work,  some  forty  papers  having  been  published  during  Dr. 
Blumer's  directorate,  and  eleven  during  the  past  year  by  the  pres- 
ent staff. 

Thus  may  be  sketched  in  a  few  words  the  scope  of  the  work 
of  the  Bender  Laboratory.  But  these  words  indicate  only  inade- 
quately the  importance  of  this  institution  and  the  great  value  for 
years  to  come  of  the  gift  of  Mr.  Bender  in  promoting  the  health 
and  welfare  of  the  community. 

List  of  Pubucations  From  the  Bender  Hygiekic  Laboratory,  From 

1896  TO  1903. 
George  Blumer,  M.  D. 

I— Diseases  Which  Can  be  Directly  Traced  to  Contaminated  Drinking 

Water,  Albany  Medical  Annals,  March-April,  1897. 
2— Primary  Round  Cell  Sarcoma  of  the  Epididymis,  Albany  Medi- 
cal Annals,  December,  1897. 
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3 — Adeno-myoma  of  the  Round  Ligament,  American  Journal  &f 
ObsUtrks,  no.  i,  1898. 

4 — Tuberculosis  of  the  Stomach,  Alsaky  Medical  Annals,  March, 

1898. 
5 — A  System  of   Qassification  of   Pathological   Material,  Albany 
Medical  Annals,  November,  i8q8. 

6 — A  Case  of  Post-typhoid  Bone  Inflammation  Due  to  the  Colon 
Bacillus,  The  Pacific  Record  of  Medicine  and  Surgery,  Novem- 
ber 15,  1898. 

7 — Tuberculosis  of  the  Aorta,  American  Journal  of  the  Medical  Sci- 
ences, January,  1899. 
8— A  Case  of  Mixed  Puerperal  and  Tjrphoid  Infection,    American 
Journal  of  Obstetrics,  no.  i,  1899. 

9— The  Present  Status  of  the  Widal  Reaction,  Albany  Mxdical  An- 
nals, January,  1899. 

10— A  Third  Case  of  Tuberculosis  of  the  Aorta,  Albany  Medical  An- 
nals, May,  1899. 

II — The  Relation  of  Trauma  to  Tuberculosis,  Albany  Medical  An- 
nals, November,  1899. 

12 — The  Infectious  Character  of  Tuberculosis  and  the  Prognosis  of 
Incipient  Consumption,  Albany  Medical  Annals,  April,  190a 

13 — Hsemorrhagic  Infection  in  an  Infant  Due  to  the  Typhoid  Bacillus, 
Journal  of  the  American  Medical  Association,  December  29, 
1900. 

14 — Bilateral  Cholesteatomatous  Endotheliomata  of  the  Choroid  Plexus, 
Welch's  Festchrift,  1900. 

15 — Further  Notes  on  Abnormalities  of  the  Urinary  System,  Albany 
Medical  Annals,  January,  1901. 

16 — The  Bacteriology  of  Lobar  Pneumonia  Especially  in  Adults,  Al- 
bany Medical  Annals,  August,  1901. 

17 — The  Present  Status  of  the  Infectious  Theory  of  Malignant  Ne- 
oplasms, New  York  State  Journal  of  Medicine,  November,  1901. 

18 — Some  Aspects  of  the  Pathology  of  the  Pancreas,  Medical  News, 
August  9f  IQ02. 

19 — A  Note  on  the  Embryonal  Glandular  Tumors  of  the  Kidney,  Al- 
bany Medical  Annals,  August,  1903. 

20 — The  Relation  of  the  Status  Lymphaticus  to  Sudden  Death,  etc, 
Johns  Hopkins  Hospital  Bulletin,  October,  1903. 
With  W.  H.  Happel,  M.  D. 

21 — A  Case  of  Pulmonary  Tuberculosis  Associated  with  Round  Ulcer 
of  the  Stomach,  Albany  Medical  Annals,  December,  1898. 
With  L.  H.  Neuman.  M.  D. 

22 — Report  of  a  Family  Outbreak  of  Trichinosis,  American  Journal 
of  the  Medical  Sciences,  January,  1900. 
With  A.  J.  Lartigau,  M.  D. 

23 — A  Report  of  Three  Cases  of  Ascending  Urinary  Infection  Due  to 
Bacillus  Pyocyaneus  and  the  Proteus  Vulgaris,  New  York 
Medical  Journal,  September  22,  190a 
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With  A.  T.  Laim),  M.  D. 

24 — Haemorrhagic  Infection  Due  to  the  Bacillus  Mucosus  Capsulatus, 
Johns  Hopkins  Hospital  Bulletin,  February,  1901. 
With  W.  Kirk,  Jr.,  M.  D. 

25 — A  Case  of  Periostitis  of  the  Seventh  Rib  Occurring  During  the 
Course  of  Typhoid  Fever,  Albany  Medical  Annals,  January, 
1901. 
With  J.  M.  MosHER,  M.  D. 

26— Hyperplasia  of  the  Pituitary  Body  with  Eburnation  of  the  Skull. 
Albany  Medical  Annals,  March,  1901. 
With  A.  MacFarlane,  M.  D. 

27 — Report  of  an  Epidemic  of  Noma,  American  Journal  of  the  Medi- 
cal Sciences,  November,  1901. 
With  H.  L.  K.  Shaw,  M.  D. 

28 — A   Case   of   Appendicitis   in   an   Infant   Seven   Weeks   of   Age, 
Archives  of  Pediatrics,  August,  1901. 
With  H.  C.  Gordinier,  M.  D. 

29 — A  Case  of  Chronic  Lymphatic  Leukaemia  Without  Enlargement  of 
the  Lymph  Nodes,  Medical  News,  October  31,  1903. 
August  J.  Lartigau,  M.  D. 

30 — The  Bacillus  Pyocyaneus  as  a  Pathogenic  Factor  in  Human 
Pathology,  with  Report  of  Three  Cases,  Philadelphia  Medical 
Journal,  September  17,  1898. 
31 — A  Contribution  to  the  Study  of  the  Pathogenesis  of  B.  Pyocyaneus, 
with  Especial  Reference  to  its  Relation  to  an  Epidemic  Dysen- 
tery, Journal  of  Experimental  Medicine,  1898,  vol.  iii,  no.  6. 
32 — A  Contribution  to  the  Study  of  the  Micrococcus  Tetragenus  in 

Acute  Angina,  Philadelphia  Medical  Journal,  April  22,  1899. 
^^ — On  Typhoid  Septicaemia,  with  the  Report  of  Two  Cases,  one  of 
Which  was  a  Typhoid  Infection  Without  Intestinal  Lesions, 
Johns  Hopkins  Hospital  Bulletin,  April,  1899. 
34 — Typhoid  Infection  of  the  Uterus,  New   York  Medical  Journal, 
June  16,  1900. 
With  A.  MacFarlane,  M.  D. 

35 — Acute  Angina  Due  to  Micrococcus  Tetragenus,  Journal  of  the 
American  Medical  Association,  June  24,  1899. 
With  H.  C.  Gordinier,  M.  D. 

36 — A  Report  of  a  Case  of  Typhoid  Pleurisy,  American  Journal  of  the 
Medical  Sciences,  January,  1901. 
Arthur  W.  Elting,  M.  D. 

37 — The  Acute  Pneumonic  Form  of  Tuberculosis,  American  Journal 

of  Medical  Sciences,  May,  1900. 
38— The   Bacteriology  of  Gonococcus  Infections,   Albany   Medical 

Annals,  March,  1900. 
39 — Intermittent  Gastric  Hypersecretion,  Boston  Medical  and  Surgi- 
cal Journal,  May,  1900. 
40 — Primary  Carcinoma  of  the  Vermiform  Appendix,  with  a  Report 
of  Three  Cases,  Annals  of  Surgery,  April,  1903. 
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With  A.  Vander  Veeb,  M.  D. 

41 — Resume  of  the  Subject  of  Actinomycosis  with  Report  of  a  Case 
of    Abdominal    Actinomycosis,    Albany    Medical    Aknals, 
January,  1903. 
Harry  W.  Carey,  M.  D. 

42 — Report  of  Two  Testicular  Teratomata  with  a  Review  of  the  Re- 
cent Literature,  Johns  Hopkins  Hospital  BulUtin,  November* 
1902. 
43 — The  Presence  of  the  Shiga  Variety  of  Dysentery  Bacilli  in  an  Ex- 
tensive Epidemic  of  Dysentery,  Journal  of  Medical  Research, 
March,  1903. 
Arthur  T.  Laird.  M.  D. 

44 — Recent  Studies  Regarding  the  Morphology  of  the  Diphtheria 
Bacillus,  Albany  Medical  Annals,  1903,  xxiv,  251. 
With  Charles  E.  Davis,  M.  D. 

45 — A  Case  of  Diphtheria,  Albany  Medical  Annals,  1901,  xxii,  499 
Harris  Moak,  M.  D. 
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Organ  or  Tissue,  Journal  of  Medical  Research,  1902,  viii,  128. 
Thomas  G.  Dickson,  M.  D. 
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Reprinted  from  Albahx  Hxdioal  Amkalb,  NoTember,  1904. 


Annual  Report  of  the  Director  for  the  Year  Ending 
August  31, 1904. 


To  the  Trustees  of  the  Bender  Hygienic  Laboratory: 

I  have  the  honor  to  submit  my  report  for  the  year  ending  August 
31,  1904- 

Organization — ^The  equipment  of  the  laboratory  and  the  organ- 
izaticm  of  its  work  by  my  predecessor,  Dr.  George  Blumer,  were 
such  that  upon  September  ist,  1903,  I  was  able  to  enter  upon  my 
duties  tuider  the  most  favorable  circumstances.    The  staff  of  the 
laboratory  was  immediately  completed  by  the  appointment,  as 
assistants,  of  Edwin  MacDonald  Stanton  (Iowa  State  College, 
B.  S.,   1898;  University  of  Pennsylvania,  M.  D.,  1903)  and  of 
Charles  Knickerbacker  Winne,  Jr.,  (Johns  Hopkins  University, 
A.  B.,  1897;  M.  D.,  1901).    Early  in  the  year  it  was  evident  that 
the  clerical  work  had  increased  to  such  an  extent  that  the  full  time 
of  a  stenographer  would  be  required ;  and  with  your  approval  this 
service  has  been  provided.    It  was  also  found  that  much  valuable 
time  was  consumed  by  the  members  of  the  staff  in  semi-technical 
work  which  could  be  done  as  well  at  a  moderate  cost  by  a  non- 
medical assistant.    By  arrangement  with  the  faculty  of  the  Albany 
Medical  College  the  additional  salary  was  guaranteed  and  the 
appointment  was  made.    Both  of  these  changes  have  aided  greatly 
in  the  routine  work  of  the  laboratory. 

Mr.  Leonard  M.  Wachter  was  reappointed  for  the  year  i904-'o5 
as  assistant  chemist  and  bacteriologist,  in  charge  of  the  Albany 
filtration  plant. 

The  Work  of  the  Laboratory — This  may  be  conveniently  divided 
into  routine  examinations,  under-graduate  teaching,  instruction  to 
special  students  and  original  investigations. 

The  nature  of  the  routine  work  of  the  laboratory  is  shown  in 
the  accompanying  table  which  gives  the  source  of  the  material 
and  the  number  and  character  of  the  examinations.  This  table 
does  not  include  the  bacteriological  studies  carried  out  in  connec- 
tion with  the  autopsy  work,  the  tests  made  for  the  milk  committee 
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of  the  Albany  County  Medical  Society,  or  the  examinations  of 
"winter-killed"  deer,  made  during  the  past  winter  for  the  New 
York  State  Forestry,  Fish  and  Game  Commission.  Mr.  Wachter's 
report  of  his  chemical  and  bacteriological  examinations,  made  at 
the  filtration  plant,  have  been  included  in  his  annual  statement 
to  the  Water  Bureau  of  the  City  of  Albany  and  do  not  appear  in 
this  report. 

Tabulation  of  the  Routine  Examinations  made  at  the 
Bender  Laboratory  from  September  i,  1903,  to  August 

3i»  1904 


•a 

0 

>>* 

I! 

5= 

1 1» 

1' 
1 

1 
1 

II 

11 

£ 

Sputum 

272 

35 
10 

2 

32 

341 

Widals 

106 

77 

5 

2 

2 

34 

226 

Throat  cultures 

729 
407 

5 

713 

83 

142 

1667 

Water,  milk 
and  ice 



3 

52 
939 

1 

I 

46 

458 

Miscellaneous 
examinations 

2 

2 

69 

130 

Surgical  speci- 
mens 

19 

3 

42 

1003 

Autopsies 

42 

I 

10 

6 

8 

31 

25 

123 

1519 

758 

1113 

27 

20 

92 

8 

31 

390 

3958 

The  examination  of  surgical  specimens  has  been  greatly  facili- 
tated by  the  general  adoption  of  Wright*s  frozen  section  method 
which  ensures  the  surgeons  of  an  early  report  and  also  lessens  the 
daily  labor  in  the  laboratory.  The  custom  adopted  by  the  Albany 
Hospital,  at  our  suggestion,  of  forwarding  with  each  specimen  a 
printed  form  upon  which  is  entered  the  important  data  concerning 
the  tissue  to  be  examined  allows  a  more  intelligent  examination, 
and  also  enables  us  to  keep  more  complete  laboratory  records. 
As  will  be  seen  by  the  accompanying  table,  the  examination  of 
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material  from  the  surgical  service  of  the  Albany  Hospital  con- 
stitute a  large  share  of  our  routine  work.  For  tiie  performance 
of  this  work  the  hospital  contributes  neither  service  nor  money. 
It  has  occurred  to  me  that  hospital  and  laboratory  alike  would  be 
greatly  benefited  by  the  appointment  of  a  pathological  house  officer 
whose  duty  it  would  be  to  assist  in  that  part  of  the  hospital  work 
carried  on  in  the  laboratory.  In  return  for  this  service  the  hospital 
should  furnish  him  with  room  and  board.  This  assistant  should 
be  a  graduate  in  medicine  and  preferably  one  with  post-graduate 
hospital  training.  Such  an  arrangement  has  been  practiced  for 
years  at  the  Boston  City  Hospital  which  indeed  has  two  patholog- 
ical internes  and  in  that  institution  has  proved  most  satisfactory. 
I  believe  it  might  profitably  be  adopted  by  the  Albany  Hospital  and 
respectfully  suggest  it  to  your  board. 

I  wish  also  to  call  your  attention  to  the  great  increase  in  the 
amount  of  work  done  for  the  State  Department  of  Health.  This 
increase  of  work  has  not  been  accompanied  by  an  increase  of  appro- 
priation ;  and  the  labor  is  out  of  all  proportion  to  the  compensation. 
I  think  an  effort  should  be  made  to  secure  a  larger  appropriation. 
The  rapid  development  of  this  work  is  shown  in  the  following 
table,  which  is  based  on  examinations  made  from  September  i,  to 
August  31st. 


I90I-'02 

Thioat 

caltnree 

222 

Spntam 
33 

WIdal 
reiictiont 
II 

Wtter,  milk, 
ice  ana  sewage 
90 

i902-'o3 

807 

71 

50 

184 

i903-'04 

729 

256 

123 

412 

The  laboratory  courses  given  during  the  past  year  (term  of 
seven  and  a  half  months)  to  undergraduates  of  the  Albany  Medical 
School  are  as  follows : 

Pathology  and  bacteriology — Drs.  Pearce,  Stanton  and  Winne, 
eight  and  a  half  hours  a  week. 

Normal  histology — Drs.  Stanton  and  Winne,  six  hours  a  week. 

Clinical  microscopy — Dr.  Laird,  two  and  a  half  hours  a  week. 

Surgical  pathology — Drs.  Elting  and  Carey,  two  and  a  half 
hours  a  week. 

Histology  and  pathology,  in  connection  with  the  course  in 
obstetrics — Dr.  Lipes,  two  and  a  half  hours  a  week. 

Anatomy  of  the  nervous  system — Dr.  Becker,  one  hour  a  week. 

For  the  year  i904-'o5  several  chanp^es  have  been  made  in  these 
courses.    The  need  of  more  detailed  instruction  in  the  methods 
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of  clinical  microscopy  has  led  to  the  division  of  this  class  into 
two  sections  and  the  appointment  of  another  assistant,  Dr.  E.  F. 
Sibley.  The  course  in  the  anatomy  and  pathology  of  the  nervous 
system  has  been  placed  imder  the  direction  of  Dr.  Stanton  who 
will  be  assisted  in  this  work,  as  well  as  in  the  course  in  histology, 
by  Dr.  Donald  Boyd. 

In  connection  with  the  course  in  pathology  the  most  serious 
need  is  some  arrangement  by  which  post-mortem  examinations 
may  be  made  before  the  entire  class.  At  present,  this  instruction 
can  be  given  only  to  small  sections  at  irregular  intervals.  It  would 
appear  possible,  by  combined  action  of  the  Albany  Hospital,  the 
faculty  of  the  Medical  School  and  the  trustees  of  the  laboratory, 
to  arrange  for  proper  facilities  at  the  Albany  Hospital.  I  respect- 
fully suggest  to  the  trustees  the  necessity  of  immediate  action 
upon  this  question. 

Of  those  who  have  availed  themselves  of  the  opportunity  to 
work  in  the  laboratory  for  considerable  periods  of  time  are  Dr. 
Ellice  McDonald,  of  Philadelphia;  Mr.  Leon  K.  Baldauf,  of  the 
Johns  Hopkins  Medical  School;  Dr.  J.  F.  Rooney,  Dr.  E.  F. 
Sibley  and  Dr.  Donald  Boyd,  of  Albany;  Mr.  Joseph  L.  Don- 
hauser,  Mr.  Erastus  Coming,  Mr.  C.  W.  H.  Hacker  and  Mr. 
T.  A.  Hull,  of  the  Albany  Medical  School ;  Mr.  Jerome  Meyers, 
of  Dartmouth  College;  and  Mr.  W.  E.  Wright,  of  Liberty,  N.  Y. 
These  gentlemen  have  assisted  in  the  routine  work  of  the  labora- 
tory, pursued  special  lines  of  study,  or  engaged  in  research  work. 
To  Dr.  Ellice  McDonald,  we  are  especially  grateful  for  valuable 
assistance  during  the  first  half  of  the  year. 

For  the  year  i904-'o5  Dr.  E.  F.  Sibley  has  agreed  to  serve  as 
voluntary  assistant  in  all  laboratory  work. 

Original  investigations  in  various  lines  of  work  have  been 
carried  out  during  the  year.  The  expense  of  the  experimental 
investigations  has  been  defrayed  by  a  grant  from  the  Rockefeller 
Institute  for  Medical  Research ;  a  similar  grant  has  been  obtained 
for  the  year  i904-'o5.  The  following  papers  have  been  published 
or  arc  now  in  press : 

I.    Pbasce,  R.  M.,  Concerning  the  Specificity  of  the  Somatogenic  Cyto- 
toxins. 

(Conducted  under  a  grant  from  the  Rockefeller  Institute. for  Medical 
Research). 
Journal  of  Medical  Research,  1904,  xxi,  i ;  also  Albany  Medical 
Annals,  1904,  xxv,  576. 
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2.  Pearcs,  R.  M.,  The  Experimental  Production  of  Liver  Necroses  by 

Haemagglutinins,  (m  press), 

(Conducted  under  a  grant  from  the  Rockefeller  Institute  for  Medical 
Research). 

3.  Pearce,  R.  M.,  and  Winne,  C  K.,  Jr.,  Concerning  Haemagglutinins  of 

Bacterial  Origin  and  their  Relation  to  Hyaline  Thrombi  and  Liver 
Necroses,  (in  press). 

(Conducted  under  a  grant  from  the  Rockefeller  Institute  for  Medical 
Research). 

4.  Pearce,  R.  M.,  The  Islands  of  Langerhans  in  Congenital  Syphilitic  Pan- 

creatitis. 

American  Medicine,  1903;  vi,  1020;  also,  Albany  Medical  Annals, 
1904,  XXV.  88. 

5.  Pearce,  R.  M.,  The  Pathology  of  Diabetes. 

Albany  Medical  Annals,  1904,  xxv,  329. 

6.  Pearce,  R  M.,  Experimental  Pancreatitis  Considered  in  its  Relation 

to  Acute  Lesions  of  the  Pancreas  in  Man. 
American  Medicine,  1904,  vii,  853;  also  Albany  Medical  Annals, 
1904,  xxv,  389. 

7-     Pearce,  R  M.,  Cancer  of  the  Pancreas  and  Glycosuria;  A  Histological 
Study  of  the  Islands  of  Langerhans,  (in  press). 

8.  McDonald,  E.,  Complications  and  Degenerations  of  Uterine  Fibromyo- 

mata. 
Journal  of  the  American  Medical  Association,  1904,  xlii,  1344 ;  also, 
Albany  Medical  Annals,  1904,  xxv,  515. 

9.  Carey,  H.  W.,  and  Laikd,  A.  T.,  A  Peculiar  Hypertrophy  of  the  Pros- 

tate Accompanied  by  an  Ascending  Infection  and  Cysts  in  the  Ureters, 
with  a  General  Discussion  of  Ureteritis  Cystica. 

Albany  Medical  Annals,  1904,  xxv,  532. 

10.  Stanton,  E.  MacD.,  and  Shaw,  H.  L.  K.,*  Infantile  Inguinal  Hernia 

of  the  Vermiform  Appendix  with  Adhesion  to  the  Epididymis. 

Albany  Medical  Annals,  1904,  xxv,  589. 

11.  LiPES,  H.  J.,  A  Study  of  the  Changes  Occurring  in  the  Endometrium 

during  the  Menstrual  Cycle. 

Albany  Medical  Annals,  1904,  xxv,  94. 

Other  investigations  not  yet  completed  are:  An  Experimental 
Study  of  Hydrophobia,  by  Dr.  E.  MacD.  Stanton;  A  Study  of 
the  Uric  Acid  Elimination  in  Gout,  by  Dr.  A.  T.  Laird;  Csmcer 
of  the  Appendix,  by  Mr.  Leon  K.  Baldauf ;  and  An  Investigation 
of  the  Giant  Cells  occurring  in  the  Musculature  of  the  Pregnant 
Uterus,  by  Mr.  Erastus  Coming. 
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In  pursuance  of  a  plan  already  submitted  to  you  it  is  my  inten- 
tion to  prepare  for  general  distribution  a  volume  which  will 
contain  the  above  papers.  This  volume  will  be  known  as  "Studies 
from  the  Bender  Laboratory,"  and  with  your  financial  support,  I 
hope  to  make  it  an  annual  publication. 

Improvements  and  Repairs — ^These  have  not  been  extensive.  The 
need,  however,  of  more  space  for  the  general  work  of  the  labora- 
tory led  me  to  convert  the  large  room  on  the  first  floor,  formerly 
occupied  by  the  janitor,  into  an  ofiice  for  the  stenographer  and 
the  proper  storing  of  the  laboratory  records.  The  janitor  has  been 
given  the  room  on  the  third  floor,  formerly  a  cloak  room  for  the 
use  of  students.  The  latter  have  been  provided  for  by  placing 
hooks  in  the  large  hall  off  the  class  room  of  this  floor.  Three 
small  private  rooms  intended  for  the  use  of  persons  conducting 
special  researches  have  been  procured  by  partitions  isolating  the 
unused  portion  of  the  large  class  room  on  the  third  floor.  These 
assure  more  or  less  privacy  and  add  to  the  desk  space  available 
for  special  work.  Other  improvements  include  an  additional  work 
table  in  the  director's  room,  a  work  bench  in  the  basement  with 
vise  and  tools  for  the  janitor's  department,  important  changes  in 
the  arrangement  of  the  animal  room  and  additional  shelving  in 
various  parts  of  the  building.  During  the  past  summer  all  the 
floors  have  been  filled  and  oiled,  the  wood  work  of  halls  and 
lecture  room  varnished,  the  walls  of  halls  and  office  painted,  and 
various  repairs  to  the  windows  made.  To  prevent  a  repetition  of 
the  disastrous  flooding  of  the  basement  which  occurred  during 
the  freshets  of  last  spring,  the  ground  at  the  rear  of  the  building 
has  been  raised  and  sodded  and  the  walls  and  cover  of  the  cellar- 
way  repaired.  The  appearance  of  the  front  of  the  building  has 
been  improved  by  cleaning  the  brick  work  and  repointing  the  stone 
work  and  steps. 

Gifts — A  portrait  of  Mr.  Matthew  W.  Bender,  presented  by  Dr. 
George  E.  Gorham,  has  been  placed  in  the  lower  hall ;  a  series  of 
fifty-one  portraits,  the  gift  of  Dr.  George  Blumer,  representing 
prominent  workers  in  scientific  medicine,  in  the  large  class  room 
of  the  third  floor;  and  a  portrait  of  Dr.  George  Blumer,  in  the 
Director's  room. 

Richard  M.  Pearce. 
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Reprinted  Crom  Albapt  Mbdical  Avitals,  Aut««t,  19M. 


CONCERNING  THE  SPECIFICITY  OF  THE   SOMATO- 
GENIC CYTOTOXINS.* 

Presented  at  the  Fourth  Annual  Meeting  of  the  American  Association  of 

Pathologists  and  Bacteriologists,  held  at  New  York,  April 

1st  and  2nd,  1904, 

Bt  RICHARD  M.  PEARCB,  M.  D., 
Director  of  the  B«Dd«  Labontoiy,  Albany,  N.  T. 

CONTENTS 

Introdnctkm— Methods— Observation  of  immunized  animals — On  the 
action  of  anti-sera  obtained  by  the  injection  of  (a)  red  blood  cells,  (6) 
liver,  pancreas,  adrenal  and  kidney  containing  blood,  (c)  the  same  organs 
free  of  blood,  {d)  blood  serum,  {e)  urine,  and  (/)  bile — Controls  with 
normal  serum— Relative  toxicity  of  the  various  sera— Sunmiary  and  Con- 
clusions—References. 

INTRODUCnON 

This  study  was  tmdertaken  with  the  object  of  demonstrating, 
by  a  comparative  study  of  the  somatogenic  cytotoxins,  that  the 
action  of  any  given  cytotoxin  depends  on  the  chemical  (receptor) 
organization  of  the  cell  and  not  upon  mori^ological  characteristics ; 
that  an  artificial  anti-senun  may  have  a  definite  toxic  action  on 
several  types  of  cells  of  widely  differing  morphology  but  pre- 
sumably having  in  part  at  least  conmion  receptors ;  that  specificity 
in  the  sense  of  morphological  affinity  is  of  secondary  importance 
and  in  the  case  of  some  sera  may  not  exist;  that  many  of  the 
results  supposed  to  be  due  to  the  specific  action  of  one  cytotoxin 

*  This  etody  hae  beeB  coodiicted  under  «  grant  fhnn  the  Rockefeller  Inttitate  for  Medical 
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arc  due  rather  to  other  cytotoxins  adventitiously  elaborated  as  the 
result  of  improper  methods  of  immunization. 

My  attention  was  first  attracted  to  these  various  phases  of  cyto- 
toxic activity  by  some  observations  made  in  the  course  of  an 
experimental  investigation  of  nephrotoxins.*  I  found  that  by  the 
usual  method  of  immunization,  that  is,  the  injection  of  the  kidney 
with  its  contained  blood,  a  serum  strongly  haemagglutinative  and 
haemolytic  was  produced  and  that  the  haemoglobinuria  resulting 
from  the  injection  of  this  serum  entirely  obscured  any  nephrolytic 
action  it  might  possess.  The  haemagglutinative  element  of  the 
sertun  also  caused  the  agglutination  of  the  red  blood  corpuscles ; 
the  thrombi  thus  formed  occluding  the  vessels  of  the  liver  with 
resulting  focal  necroses  of  that  organ.  It  was  therefore  evident 
that  many  of  the  results  previously  reported  as  due  to  a  specific 
nephrotoxin  or  hepatotoxin  were  duetohaemagglutininsorhaemo- 
lysins  forming  in  animals  improperly  immunized.  To  obviate  this 
difficulty  blood-free  kidney  was  used  in  the  immunization  with 
the  surprising  result  that  although  the  serum  thus  obtained  was 
powerfully  nephrotoxic,  it  was  also,  in  a  moderate  degree,  haemag- 
glutinative ahd  haemolytic.  It  did  not  however  cause  haemo- 
globinuria. Moreover  hepatotoxin,  so-called,  prepared  in  like 
manner  possessed  similar  characteristics  but  exerted  no  special 
action  upon  the  liver. 

At  this  time  an  extended  investigation  of  the  literature  indicated 
that  immunization  with  "washed"  or  blood  free  organs  had  in  no 
instance  been  practiced.  It  was  evident  therefore  that  a  study  of 
cytotoxins  by  this  method  of  immunization  might  yield  results 
differing  widely  from  those  of  previous  investigations  and  possibly 
of  fundamental  importance  in  connection  with  the  question  of  the 
specificity  of  these  substances.  Before  taking  up  the  detailed  dis- 
cussion of  this  work,  it  may  be  well  to  summarize  the  more  impor- 
tant communications  upon  the  question  of  specificity. 

In  the  vast  amount  of  literature  which  has  accumulated  the 


*PEAiuni.    An  Experimental  Stady  of  NephrotozlBS,  Univ.  nf  Vmm/^,  JM.  BviUiku^  1908, 
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pred(nninatmg  feature  is  the  effort  to  demonstrate  a  morphological 
affinity.  This  is  especially  evident  in  the  early  work  which  neglects 
to  a  great  extent  the  question  of  chemical  (or  receptorial)  struc- 
ture. Due  consideration  has  not  been  given  to  the  very  clear 
and  definite  statements  of  Ehrlich  and  Morgenroth  concerning 
specificity,  v.  Dungem  and  Mexter  produced  anti-sera  for  cili- 
ated epithelium  and  testicular  cells  and  found  diem  to  be  also 
haemol)rtic.  On  account  of  these  results  they  denied  a  strict 
specificity  to  tfie  cytotoxins.  Metchnikoff  and  Metalnikoff,  on  the 
other  hand,  believing  in  this  specificity,  endeavored  to  explain 
the  double  action  on  the  supposition  that  sufficient  red  blood  cor- 
puscles were  injected  with  the  epithelial  cells  to  produce  an  haemo- 
lysin. 

Of  wider  interest  is  the  production  of  haemolysins  by  injecting 
body  fluids  entirely  free  of  red  corpuscles,  v.  Dimgem,  Besredka, 
Tschistovksch,  MuUer  and  Morgenroth  by  injecting  blood  serum, 
and  Shattenfroh,  Buffer  and  Crendiropoulo  by  injecting  urine  have 
obtained  such.  v.  Dungem  produced  an  haemolysin  also  by  inject- 
ing cow's  milk,  and  recently  Portis  has  obtained  a  like  result  by 
injecting  the  "colloid  matter*'  of  the  thyroid.  These  observations, 
at  first  glance  opposed  to  the  theory  of  specificity  if  considered 
from  the  p<Mnt  of  view  of  morphology,  are  explained  by  Morgen- 
roth by  the  presence  of  free  receptors  in  the  blood  and  urine. 
These  free  receptors,  as  first  announced  by  Ehrlich,  appear  in 
these  fluids,  especially  the  blood,  as  the  resuk  of  the  cell  changes 
acccnnpanying  normal  metabolism.  Thus  it  is  possible  for  recep- 
tors of  all  cells  of  the  body  to  be  present  in  the  blood  serum. 
Naturally,  immunization  with  fluids  containing  these  receptors 
would  result  in  the  formation  of  specific  anti-bodies.  Morgenroth 
therefore  draws  the  conclusion  that  specificity  is  a  matter  not  of 
cells  but  of  receptors,  whence  a  given  cell  may  be  in  chemical 
conformity  with  cells  of  a  different  organ  or  perhaps  animal.  Recent 
investigations  of  anti-thyroid  serum  (Yates,  MacCallum,  and  Por- 
tis) and  of  anti-adrenal  serum  (Abbott,  Yates)  indicate  that  these 
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have  little  or  no  specific  action.  Unwashed  adrenal  serum,  how- 
ever, Abbott  found  to  be  possessed  of  a  definite  haemolytic  power ; 
Portis  found  the  same  to  be  true  of  washed  thyroid  serum. 

In  order  to  study  this  much  debated  question  of  specificity  in  a 
somewhat  comprehensive  manner  a  comparative  investigation  of 
several  cytotoxins,  as  outlined  in  the  introductory  summary,  was 
undertaken. 

METHODS 

The  animals  selected  for  this  study  were  the  dog  and  the 
rabbit ;  the  latter  being  immunized  with  the  cells  and  fluids  of  the 
former.  The  method  of  immunization  adopted  was  that  followed 
in  the  work  on  nephrotoxins.  All  injections  were  made  into  the 
peritoneal  cavity  at  intervals  of  a  week  or  ten  days,  the  animal 
being  bled  a  like  period  after  the  third,  fourth  or  fifth  injection. 
Preliminary  bleedings  were  made  from  the  jugular  veins;  the  final 
bleeding  from  the  carotid  arteries.  The  serum  thus  obtained  was 
injected  into  the  saphenous,  occasionally  the  femoral  vein  of  the 
dog.  In  determining  the  specific  effect  of  these  various  sera,  syste- 
matic examinations  of  the  urine  and  detailed  gross  and  histological 
studies  of  the  several  organs  have  been  made;  their  action  upon 
red  blood  corpuscles  has  been  determined  in  vitro.  Attempts  were 
also  made  to  determine  by  the  test-tube  method  the  action  of  the 
various  sera  upon  emulsions  of  the  several  types  of  parench)mia- 
tons  cells ;  but  the  results  were  so  confusing  and  contradictory  that 
this  method  was  early  discarded  in  favor  of  intravenous  injection. 
This  method,  analogous  to  pharmacological  methods,  of  testing  the 
action  of  a  serum  by  its  effect  on  the  living  cells  is,  I  believe,  the 
only  method  free  of  error.  Moreover,  it  is  by  this  method  alone 
that  the  cytotoxins  may  be  utilized  to  explain  various  pathological 
processes,  for  while  tests  in  vitro  may  establish  the  theoretical 
principles  of  this  method  of  investigation,  substantial  progress 
depends  on  the  experimental  application  to  the  living  cell  in  its 
normal  environment. 
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Some  information  concerning  what  may  be  called  the  more 
general  action  of  a  serum  has  been  determined  by  observing 
fluctuations  in  body  weight ;  and  of  the  relative  lethal  action,  by 
a  comparative  study  of  dosage. 

The  histological  methods  include  hardening  in  Zenkers,  Muller's 
and  Fleming's  solutions ;  imbedding  in  celloidin  and  paraffin ;  and 
staining  by  haemotaxylin  and  eosin,  methylen  blue  and  eosin,  Mal- 
lory's  connective  tissue  stain  and  saffranin.  The  various  fresh 
methods  have  been  utilized  in  the  study  of  fatty  and  pigmentary 
changes. 

OBSERVATIONS  OF  IMMUNIZED  ANIMALS 

Contrary  to  general  opinion  the  rabbit  may  readily  be  treated 
with  various  animal  cells  and  fluids  if  due  attention  is  paid  to 
cleanliness  and  to  the  condition  of  the  animal  as  shown  by  fluctua- 
tions in  body  weight.  In  this  series  the  only  deaths  occurred 
among  rabbits  receiving  bile  and  unwashed  liver.  Fifty  per  cent 
of  the  animals  treated  with  these  substances  succumbed  before 
the  third  injection.  This  result  is  apparently  due  to  the  toxicity 
of  bile,  for  no  difficulty  was  encountered  in  animals  receiving 
washed  liver,  blood  corpuscles  or  blood  senmi.  The  kidneys  of 
animals  dying  within  a  few  days  after  the  injection  of  bile  exhibit 
a  well  marked  degeneration  of  the  convoluted  tubules  with  deposi- 
tion of  a  yellowish  pigment. 

Necrosis  and  suppuration  of  the  subcutaneous  tissues  may  occa- 
sionally occur  after  the  injection  of  organ  emulsions ;  while  encap- 
sulated masses  of  the  injected  material  in  tfie  peritoneal  cavity  are 
not  infrequent.  In  one  instance  after  injection  of  pancreas 
emulsions  fat  necroses  of  the  mesenteric,  perirenal  and  pelvic  fat 
were  observed 

The  changes  in  the  urine  are  but  slight ;  a  heightening  of  color 
may  occur  not  uncommonly  after  injections  of  blood  and  adrenal ; 
slight  traces  of  albimien  are  infrequently  found ;  glycosuria,  tran- 
sitory and  of  slight  degree  usually  follows  the  injection  of  adrenal. 
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The  several  organs  of  these  various  animals  with  the  exception 
of  those  receiving  bile,  exhibited  no  histological  changes  of  any 
moment. 

ACTION  OF  SERUM  RESULTING  FROM  THE  INJECTION  OF 
ERYTHROCYTES 

While  the  action  of  haemolytic  sera  in  vitro  is  well  known,  little 
attention  has  been  paid  to  the  changes  resulting  from  its  injection 
into  the  living  animal.  Kraus  and  Fukuhara  only,  as  far  as  I  am 
aware,  have  described  the  histological  changes.  As  such  observa- 
tions are  essential,  as  controls  to  the  experiments  to  follow,  I  have 
made  a  careful  study  of  this  phase  of  the  subject.  Rabbits  were 
immunized  with  defibrinated  and  washed  blood  respectively,  receiv- 
ing three  to  five  doses  of  five  centimetres  each.  Whether  defibrin- 
ated blood  or  washed  corpuscles  are  used  appears  to  make  no  dif- 
ference in  the  potency  of  the  serum.  Seventeen  dogs  have  received 
this  serum,  intravenously,  in  doses  varying  from  1 13000  to  i  450.* 
The  eflfect  varied  with  the  dosage.  In  large  amounts  ( i  :6oo  to 
I  400)  death  usually  occurs  in  irom  three  to  fifteen  hours.  Post- 
mortem examination  of  dogs  poisoned  in  this  way  show  the  blood 
to  be  laked  and  soft  gelatinous  clots  to  be  present  in  the  heart  and 
large  vessels.  The  internal  organs  especially  the  liver,  are  intensely 
congested;  the  serous  cavities  may  contain  a  small  amoimt  of 
blood  tinged  fluid.  If  the  bladder  contains  urine  it  is  dark  claret 
colored,  rich  in  albumen  with  a  sediment  composed  of  casts,  coal- 
esced masses  of  altered  haemoglobin  and  granular  and  fatty  renal 
cells.  Histological  examination  reveals  agglutinated  red  Mood  cor- 
puscles in  the  various  organs ;  the  vessels  of  the  spleen  and  liver 
are  intensely  congested,  the  cells  of  the  latter  often  being  com- 
pressed and  disorganized ;  beginning  necrosis  of  liver  ceUs  is  not 
infrequent.    The  kidney  tubules  present  a  wide-spread  fatty  meta- 


*  This  method  of  indlcattng  the  doee  refers  to  the  reUUon  between  the  amount  of  senim 
injectedand  the  weight  of  the  animaL  Thai  1 :6S5  indicates  that  a  dog  weighmg  6800  grammes 
reoelTed  ISc.  c  of  senim  or  1  c  c  to  625  grammes  of  body  weight 


Digitized  by  VjOOQ IC 


r 


moiphosis ;  their  Imnina  contain  altered  haemoglobin  in  th^  ^Ot^ 
of  casts  CM*  irregular  granular  material;  the  tissue  spaces  ^^^ 
oedematous  and  an  accumtdation  of  coagulated  serum  may  be  seen 
in  the  glomerular  spaces. 

The  smaller  doses  of  i  :iooo  to  1 1700  are  usually  not  fatal ;  but 
the  dogs  develop  within  eighteen  to  twenty-four  hours  a  haemo- 
globinuria  which  persists  for  three  to  five  days.  After  the  dis- 
appearance of  the  haemoglobin  the  urine  is  still  high  colored  and 
deeply  stained  with  bile.  A  yellow  jaimdiced  condition  of  the  con- 
junctivae is  a  constant  symptom.  The  albuminuria  which  accom- 
panies the  acute  condition  rapidly  diminishes  as  the  urine  becomes 
dear  of  Uood  pigment  although  it  may  be  detected  by  the  heat 
test  for  many  days ;  in  one  animal  persisting  for  three  weeks.  The 
urinary  sediment  contains  the  products  of  the  destruction  of  red 
blood  corpuscles  and  usually  many  renal  cells.  Beginning  with  the 
second  or  third  day  a  few  casts  of  the  finely  granular  type  are 
fotmd,  but  not  invariably.  Hyaline  liver  necroses*  due  to  agglu- 
tinated red  blood  corpuscle  thr<mibi  are  constantly  present  in  these 
animals.  Equally  constant  is  a  fatty  degeneration  of  the  kidney, 
which  is  most  marked  in  the  tubules  of  the  medullary  rays. 
Hemorrhages  into  the  adrenal  occurred  in  two  of  the  seventeen 
animals.    They  were  also  found  occasionally  in  the  Itmg. 

With  doses  as  low  as  i  :i200  to  i  '.3000  haemoglobinuria  does  not 
always  result,  but  the  urine  is  bile  stained  and  contains  albtmien. 
Changes  similar  to  those  described  above  but  less  marked  may 
occur  in  the  liver  and  kidney. 

The  attempts  to  produce  haemolytic  sera  with  small  amounts  of 
blood  have  been  of  gjeat  interest.  These  were  undertaken  for  the 
purpose  of  controlling  sera  prepared  by  injecting  organs  (adrenal) 
which  contain  an  amount  of  blood  so  small  that  it  has  heretofore 
been  considered  negligible.  A  series  of  rabbits  receiving  o.i  cubic 
centimetre  of  defibrinated  blood  yielded,  after  the  second  injection, 
a  serum  which  was  moderately  agglutinative  and  haemolytic  in 

*  Tbi*  eonditiOD  has  been  the  fabject  of  eqwdal  imreitlgatioii  and  will  be  oomldered  in 
detail  In  another  commmricatlon. 
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vitro;  after  five  injections  the  serum  was  immediately  and  power- 
fully agglutinative  and  haemolytic.  This  serum  injected  into 
dogs  in  doses  of  1 1550  to  1 1345  causes  haemoglobinuria,  multiple 
liver  necroses,  fatty  degeneration  of  the  kidney  and  other  changes, 
including  adrenal  haemorrhages,  similar  to  those  produced  by  sera 
prepared  from  larger  amounts  of  Wood.  One  dog,  receiving  a 
dose  of  1 1350,  died  in  four  hours  with  evidence  of  extensive 
thr(»nbosis  due  to  agglutinated  red  blood  corpuscles. 

serum  from  unwashed  organs  ( kidney,  liver,  pancreas  and 

adrenal) 

In  this  series  the  serum  was  prepared  in  the  usual  manner  by 
injecting  emulsions  of  the  unwashed  organ,  that  is,  with  the  normal 
post-mortem  blood  content.  Fotu"  ito  twelve  grammes  were  used 
at  each  injection  of  kidney^  liver  and  pancreas;  while  animals 
immunized  against  adrenal  cells  received  a  pair  of  the  organs  at 
each  injection.  The  experience  of  Yates  in  the  production  of 
adrenal  serum  indicates  that  a  larger  amount  of  adrenal  tissue  has 
no  appreciable  effect  on  the  character  of  the  serum. 

All  these  sera,  naturally,  contain  haemagglutinin  and  haemoly- 
sin.  The  liver,  kidney  and  adrenal  sera  in j  ected  into  the  dog  in  doses 
of  1 1900  to  1 1300  produce  similar  changes  which,  moreover,  can- 
not be  distinguished  frcxn  those  due  to  a  pure  haemolytic  serum. 
Haemoglobinuria,  liver  necroses,  fatty  degeneraticm  of  the  kidney 
and  deposition  of  Uood  pigment  in  spleen  and  lymph  nodes  are 
constant.  Only  in  the  case  of  the  kidney  serum  was  a  dual  action 
evident.  Here,  the  persistence  of  albumen  and  a  larger  number  of 
casts  (granular,  epithelial  and  fatty)  after  the  disappearance  of 
the  haemoglobinuria  indicated  the  action  of  the  specific  nephrotoxic 
constituent.  This  serum  saturated  with  washed  red  blood  cor- 
puscles at  zero  temperature  lost  all  but  a  trace  of  its  haemolytic 
power  but  was  still  powerfully  nephrotoxic. 

No  changes  occurred  in  the  liver  or  adrenal  which  could  be 
ascribed  to  their  supposedly  specific  sera.    The  kidney  serimi  in  one 
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instance  produced  focal  hemorrhages  in  the  adrenal ;  the  adrenal 
serum  similar  lesions  in  the  lung. 

The  pancreas  serum  in  doses  of  i  :8oo  to  i  :390  did  not  produce 
haemoglobinuria  but  a  persistent  albuminuria  with  fatty  degenera- 
tion of  the  kidney.  The  strongest  dose  given  (i  :39o)  ^caused  also 
weU  marked  focal  necroses  of  the  liver  with  evidence  of  red  blood 
ceH  thnxnbosis.  No  change  in  the  pancreas  cells  could  be  demon- 
strated. 

Of  these  four  sera  that  prepared  from  adrenal  appears  to  be  the 
most  toxic,  causing  death  in  less  than  twenty-four  hours  in  dose  of 
I^oo. 

It  wiU  be  seen  from  this  summary  that  these  sera,  with  the 
possiUe  excepticm  of  nephrotoxin,  produce  lesions  which  differ  in 
no  way  from  those  due  to  a  serum  prepared  from  erythrocytes 
and  that  they  may  all  readily  be  explained  by  the  action  of  haemag- 
glutinin  or  haemdysin. 

SERA  PREPARED  FROM  WASHED  ORGANS  ( KIDNEY^  LIVER^  PANCREAS 

AND  adrenal) 

In  this  series  the  blood,  lymph  and  the  various  secretions  with 
their  free  receptors  were  removed  from  the  organs  by  prolonged 
washing  with  warm,  sterile  salt  solution.  After  this  procedure 
it  was  asstmied  that  only  the  cells  with  their  fixed  receptors  re- 
mained. The  kidney  was  readily  washed  through  its  arteries ;  the 
adrenal,  pancreas  and  liver  at  one  time  through  the  abdominal 
aorta ;  the  clearing  of  the  liver  vessels  was  augumented  by  washing 
also  through  the  portal  vein.  The  success  of  this  procedure  was 
tested  by  immediate  examination  of  the  respective  organ  emulsions 
and  later  by  examination  of  hardened  sections  of  the  organs.  Kid- 
ney, adrenal  and  pancreas,  absolutely  blood  free,  were  readily 
obtained ;  a  very  few  red  cells  (one  or  two  in  three  or  four  fields) 
were  always  found  in  the  liver  emulsions,  despite  the  most  thor- 
ough washings  with  fifteen  to  twenty  litres  of  salt  solution.  These 
cells,  however,  appear  to  have  had  little  influence  upon  the  diar- 
acter  of  the  serum  produced. . 
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AU  sera  resulting  from  the  injection  of  these  blood  free  emul- 
sions have  the  power  of  agglutinating  and  haemolysing  red  blood 
corpuscles  in  vitro.  The  agglutination  in  all  instances  is  imme- 
diate and  powerful.  The  haemoly tic  activity  of  the  adrenal  serum 
is  almost  equal  to  that  of  serum  prepared  from  red  blood  cor- 
puscles; liver,  pancreas  and  kidney  sera  are  less  powerful,  their 
relative  strength  being  in  the  order  named.  None  of  these  sera 
on  the  other  hand  are  sufficiently  powerful  to  produce  haemoglo- 
binuria  when  injected  into  the  circulaticm  of  the  dog.  My  experi- 
ence is  diflFerent  from  that  of  Portis,  who  has  recently  described 
a  serum  prepared  from  washed  thyroid,  which  is  haemolytic  in 
vitro  and  in  animals  produces  haemoglobinuria. 

The  osaly  one  of  these  sera  which  has  a  definite  action  in  the 
sense  of  morphological  specificity  is  nephrotoxin.  The  action 
of  this  cytotoxin  I  have  recently  described  in  detail,  and  only  a 
general  summary  is  now  necessary.  Doses  of  i  :i6oo  to  1 1500 
produce  severe  albuminuria  and  cast  excretion.  The  casts  are 
finely  granular,  and  less  frequently  fatty,  epithelial  and  hyaline; 
granular  and  fatty  renal  cells  are  usually  abundant.  The  albumen 
gradually  diminishes  in  amount,  but  may  persist  in  faint  traces 
for  two  weeks  or  more ;  the  casts  usually  disappear  within  twelve  to 
fifteen  days.  The  kidney  is  swollen  and  oedematous  with  slightly 
adherent  capsule.  On  section  the  cortex  is  oedematous  and  pale 
yellow  in  color  with  occasionally  a  few  punctate  haemorrhages ;  the 
glomeruli  are  distinct  but  pale.  Histologically  the  cells  of  the 
convoluted  tubules  are  found  to  be  swollen  and  granular;  the 
cells  of  the  tubules  in  the  medullary  rays  are  vacuolated  and  osmic 
acid  preparations  reveal  extensive  fatty  metamorphosis;  the 
tubules  especially  those  of  the  pyramids  contain  much  granular 
material  and  many  casts.  Exudation  into  the  glomerular  space 
and  hyaline  thrombosis  with  degeneration  of  the  glomerular  tuft 
may  occur.  With  the  exception  of  the  liver,  which  in  some 
animals  exhibited  extensive  granular  degeneration  no  other  oi^^ans 
appear  to  be  affected  by  this  serum. 

The  action  of  the  so-called  hepatotoxin  is  variable.    In  doses  of 
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I  :iooo  to  1 1525  its  chief  action  is  to  cause  a  more  or  less  extensive 
fatty  metamorphosis  of  the  kidney.  This  may  or  may  not  be 
aoocxnpanied  by  albuminuria ;  in  two  experiments  the  albuminuria 
was  equal  to  that  resulting  from  the  administration  of  nephrotoxin 
and  abundant  excretion  of  casts  was  present  That  definite 
changes  are  produced  in  the  hver  by  this  serum  is  not  easily 
determined.  The  only  change  observed  was  an  increased  granu- 
lation of  the  liver  cells  with  occasionally  slight  fatty  transforma- 
tion. This  appearance  however  does  not  differ  from  that  fre- 
quently seen  in  the  liver  of  apparently  normal  dogs  and  is  quite 
constant  after  the  administration  of  other  anti^sera,  especially 
adrenal  serum.  Focal  necroses  of  the  liver  due  to  this  serum  I 
have  seen  in  but  one  instance.  These  were  few  in  number  and 
followed  the  administration  of  a  powerful  dose  (1:266)  of  a 
strongly  haemagglutinative  serum.  As  agglutinated  masses  of  red 
blood  corpuscles  could  be  seen  in  the  vessels  of  the  necrotic  areas, 
I  consider  this  action  to  be  due  to  the  agglutinin  present  and  not 
to  a  hepatotoxic  constitutent  of  the  serum.  The  necroses  described 
by  Delezenne  and  others  working  with  serum  prepared  from  the 
unwashed  organ  may,  I  believe,  be  explained  in  like  manner.  The 
changes  in  the  urine  described  by  Ddezenne  I  have  not  seen. 

Adrenal  serum  in  doses  of  i  700  to  1 1550  produces  no  lesion  of 
the  adrenal  gland;  but  well  marked  granular  and  fatty  trans- 
formation of  liver  and  kidney.  One  animal,  killed  forty-eight 
hours  after  a  dose  of  1 1556,  presented  multiple  minute  haemor- 
rhages of  the  lungs  and  liver  with  free  haemorrhages  into 
the  glomerular  spaces  of  the  kidney.  A  peculiar  phenomenon 
observed  in  all  animals  receiving  adrenal  serum  was  an 
immediate  blanching  of  the  mucous  membranes  with  cardiac  and 
respiratory  disturbance.  This  condition,  which  lasted  fifteen  to 
twenty  minutes  and  necessitated  the  employment  of  artificial 
respiration,  was  not  observed  in  animals  receiving  other  cytotoxic 
sera.  Unfortunately  a  kymographic  study  of  this  condition  was 
not  made. 

II 
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Washed  pancreas  senim  produces  in  doses  as  high  as  1:620 
no  recognizable  changes  in  the  pancreas  and  but  moderate  granular 
and  fatty  metamorphosis  of  the  liver  and  kidney.  The  transitory 
glycosuria  described  by  Surmont  and  by  Camot  and  Gamier  I 
have  not  seen.  Their  injections  were  made,  however,  directly 
into  the  pancreas;  the  glycosuria  therefore  may  have  been  the 
result  of  tratmia  and  analogous  to  that  observed  by  Flexner  and 
Pearce  to  follow  various  injuries  to  the  pancreas. 

SERA  PREPARED  BY  INJECTING  BLOOD  SERUM,  BILE  AND  URINE 

As  has  been  stated  above,  several  investigaitors  have  produced 
haemolytic  sera  by  immunizing  animals  with  blood  serum,  urine 
and  other  fluids  free  of  red  blood  corpuscles.  This  result  Mor- 
genroth  explains  is  due  to  the  presence  of  free  receptors  normally 
constitutents  of  the  body  fluids.  In  order  to  determine  if  sera 
thus  prepared  contain  cytotoxins  for  cells  other  than  red  blood 
corpuscles ;  also  to  control  other  experiments  of  this  series,  I  have 
injected  rabbits  three  to  five  times  with  the  blood  serum,  bile  and 
urine  of  the  dc^  in  doses  of  five  to  ten  cubic  centimetres. 

All  three  sera  thus  prepared  are  strongly  haemagglutinative. 
The  sertmi  produced  by  injecting  urine  is  powerfully  haemolytic, 
that  by  injecting  serum,  moderately  haemolytic,  while  the  "anti- 
bile"  serum  has  no  haemolytic  power  whatever.  This  peculiarity 
of  "anti-bile"  senmi  has  been  observed  recently  by  RuflFer  and 
Crendiropoulo,  and  is  apparently  to  be  explained  by  the  produc- 
tion of  anti-haemolysin,  the  bile  being  naturally  haemolytic. 

"Anti-bile"  serum  in  doses  of  1 1620  and  i  700  causes  fatty 
degeneration  of  the  kidney  and  focal  necroses  of  the  liver.  These 
latter  are  accompanied  by  agglutinative  red-blood  corpuscle  throm- 
bosis and  apparently  due  to  a  mechanical  disturbance  of  the  liver 
circulation.    No  changes  are  found  in  other  organs. 

The  serum  of  rabbits  receiving  dog's  serum  injected  in  doses 
of  I  :iooo  to  1 :390  causes  extensive  fatty  d^eneration  of  the 
kidney  with  sometimes  slight  traces  of  albumen  in  the  urine. 

The  serum  of  rabbits  receiving  dog's  urine  produces  in  the  dog 
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a  distinct  congestion  of  the  liver;  otherwise  no  appredabte 
changes  of  either  tissues  or  excretions  follow  doses  as  high  as 
1:674. 

CONTROLS  WITH  NORMAL  RABBIT^S  SERUM 

Normal  rabbit's  serum  injected  in  doses  of  1 11320,  i  :goo,  i  :6oo, 
1 :5oo  and  1 1300  was  without  influence  on  the  urine  or  histological 
structure  of  the  various  organs  examined  (kidney,  liver,  pancreas 
and  adrenal). 

RELATIVE  TOXICITY   OF  THE  VARIOUS   SERA 

An  attempt  has  been  made  in  addition  to  the  above  described 
methods  of  study  to  gain  some  idea  of  the  relative  toxicity  of 
the  various  sera  by  a  comparison  of  the  changes  in  body  weight 
and  oif  the  varying  periods  of  time  elapsing  before  fatal  termina- 
tion. Littie  informaftion  has  been  obtained  by  the  study  of 
changes  in  weight,  for  while  a  loss  of  weight  is  more  or  less 
constant,  there  is  littie  variation  according  to  the  kind  of  serum 
injected,  except  that  an  appreciably  greater  loss  of  weight  occurs 
in  animals  receiving  sera  which  produce  albuminuria  (nephro- 
toxin)  and  haemoglobinuria  (haemolysins  produced  by  defibrin- 
ated  blood  and  unwashed  organs). 

Death  followed  only  after  the  use  of  sera  prepared  from  red 
blood  corpusdes  and  from  blood  codtaining  organs.  With  the 
exception  of  the  powerful  nephrotoxin,  prepared  from  washed 
kidney  cortex,  described  in  a  previous  communicaticm,'*'  death  has 
never  resulted  from  the  injection  of  sera  prepared  from  wa^ed 
parenchymatous  cells  or  from  blood-free  body  fluids.  There  is 
apparentiy  considerable  difference  in  the  toxicity  of  the  haemolysin 
produced  by  the  injection  of  red  corpuscles  and  those  produced 
by  washed  parenchymatous  cells;  washed  adrenal  serum,  for 
example,  tiie  haemdytic  power  of  which  m  rHtro  is  almost  as 
great  as  that  of  true  haemolysin  has  never  caused  death.  On  the 
other  handy  it  is  of  interest  that  the  lethal  power  of  a  serum  pro- 

•  Xoe  dt,  ptfe  ns. 
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duced  by  blood  injected  in  o.i  cubic  centimetre  doses  is  almost  as 
great  as  that  following  the  injection  of  five  cubic  centimetre  doses 
The  former  has  caused  death  in  four  hours,  in  dose  of  1 1350;  the 
latter  in  three  hours,  in  dose  of  i  450.  With  these  sera  may  be 
compared  the  unwashed  adrenal  serum  which  caused  death  in 
less  than  twenty-four  hours  in  dose  of  1 400.  These  results  indi- 
cate that  as  a  general  rule  the  power  of  a  serum  is  not  increased 
by  large  immunizing  doses. 

SUMMARY  AND  CONCLUSIONS 

From  these  experiments  it  is  evident  that  the  cells  of  the  various 
organs  of  the  body  while  diflfering  in  morphology  and  func^on 
have  certain  receptor  characteristics  in  common  and  that  one 
type  of  cell  may  therefore  produce  anti-bodies  affecting  several 
cells  of  differing  morphology  but  with  like  receptor  groups.  This 
is  shown  by  the  sera  prepared  from  washed  liver,  kidney,  pancreas 
and  adrenal,  all  of  which  agglutinate  and  haemolyse  red  blood 
corpuscles,  and  may  cause  degenerative  changes  also  in  the  liver 
and  kidney.  Some  of  these  cytotoxic  sera  have  no  effect  upon 
organs  for  which  they  are  supposed  to  have  a  morphological  affin- 
ity, but  exert  a  powerful  lytic  influence  upon  other  cells.  Aside 
from  nephrotoxin,  which  has  a  distinct  injurious  action  upon  renal 
epithelium  the  various  c)rtotoxins  studied  have  no  specific  action 
in  the  morphological  sense.  The  action  of  the  kidney  serum  itself 
cannot  be  said  to  be  specific,  for  in  addition  to  the  nephrotoxic 
element  another  constitutent  (haemolysin)  is  present.  The  action 
of  this  serum  might  perhaps  be  described  as  "special."  Pancreas 
and  adrenal  serum  on  the  other  hand  are  devoid  even  of  special 
action,  while  the  lesions  of  so-called  hepatotoxin  are  doubtful  and 
may  be  produced  by  other  sera.  The  striking  characteristic  of 
adrenal  serum  is  its  powerful  haemolysin. 

The  presence  of  free  receptors  in  the  various  body  fluids  is 
shown  by  the  appearance  of  anti-bodies  in  the  serum  of  animals 
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receiving  serum,  bile  and  urine;  the  diverse  character  of  these 
receptors  by  the  variety  of  cytotoxins  thus  formed.  These  obser- 
vations offer  strong  support  of  the  view  that  specificity  is  a  func- 
tion  of  receptors  and  not  of  cells. 

A  comparison  of  the  results  obtained  by  sera  prepared  from 
washed  organs  with  those  of  sera  prepared  from  blood  and  blood 
containing  organs  indicates  that  many  of  the  positive  results  de- 
scribed as  specific  and  characteristic  of  the  action  of  certain  cyto- 
toxins are  due  rather  to  haemagglutinin  and  haemolysin  adventi- 
tiously fcMined  as  the  result  of  impure  methods  of  immunization. 

In  ccMinection  with  the  activity  of  haemolysin  it  is  also  necessary 
to  differentiate  sharply  between  the  primary  specific  action  upon 
the  red  blood  cells  and  the  secondary  action  upon  other  cells,  as 
those  of  the  kidney,  due  to  the  toxic  effect  of  haemoglobin  deriv- 
atives and  possibly  other  substances  set  free  by  the  destruction 
of  the  red  blood  cells. 

Another  phase  of  the  question,  heretofore  entirely  disregarded, 
is  the  part  played  by  haemagglutinin.  This  substance  was  present 
in  all  the  sera  studied,  and  in  some,  when  suflficiently  powerful, 
caused  the  formation  of  red  blood  corpuscle  thrombi  and  a  result- 
ing mechanical  disturbance  of  the  circulation  leading  to  degenera- 
tion, necrosis  and  haemorrhage.  This  action  is  best  illustrated  by 
"anti-bile"  sertrni  which  is  without  haemolytic  power,  but  through 
its  powerful  agglutinin  causes  the  formation  of  red  blood  corpuscle 
thronbi  and  thus  the  production  of  widespread  liver  necrosis. 
Such  lesions  have  heretofore  been  confounded  with  the  action  of 
the  cytolytic  constituent  of  a  serum,  and  have  been  considered 
specific  while  they  are  in  truth  due  to  the  much  simpler  agglutin- 
ating body. 
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THE  EXPERIMENTAL  PRODUCTION  OF  LIVER 
NECROSES  BY  THE  INTRAVENOUS  INJECTION 
OF  HAEMAGGLUTININS.* 

Presented  before  the  American  Association  of  Pathologists  and  Bacteri- 
ologists at  the  fourth  annual  meeting  held  in  New  York,  April  i  and  2,  1904, 

By  RICHARD  M.  PEARCE,  M.  D., 
Director  of  the  Bender  Laboratory,  Albany,  N.  Y. 

Introduction — This  investigation  was  undertaken  with  the 
object  of  demonstrating  experimentally  that  red  blood  cor- 
puscles through  the  agency  of  agglutinins  become  fused  to- 
gether and  form  thrombi  which  occluding  the  vessels  of  the 
liver  may  lead  to  hyaline  necrosis  of  liver  cells.  That  these 
lesions  might  thus  be  produced,  was  indicated  by  observations 
made  during  a  study  of  various  cytolytic  sera.  In  the  course 
of  an  experimental  study  of  nephrotoxins/  it  was  noted  that 
focal  necrotic  lesions  of  the  liver  with  associated  hyaline 
thrombi  frequently  followed  the  intravenous  injection  of  sera 
possessing  considerable  haemagglutinative  power,  but  did  not 
follow  the  injection  of  sera  devoid  of  this  characteristic.  Flex- 
ner's^  communication  concerning  agglutinated  red  blood  cor- 
puscle thrombi,  which  had  appeared  but  a  short  time  before, 
suggested  the  possibility  of  these  hyaline  thrombi  being  com- 
posed of  red  blood  corpuscles.  A  careful  study  of  the  lesions 
proved  this  to  be  the  case,  and  a  series  of  experiments  was 
therefore  at  once  begun  for  the  purpose  of  establishing  defi- 
nitely the  power  of  agglutinin  to  produce  red  Cell  thrombi  and 
also  to  establish  a  relation  between  the  thrombi  and  the 
necrotic  lesions.  Later,  my  interest  in  the  subject  was  stimu- 
lated by  the  appearance  of  BoxmeyerV  work  on  the  liver 
necrosis  of  hog  cholera.    Boxmeyer  found  that  while  one  type 

•  This  Investisatlon  was  conducted  under   a  grant  from  the  Bockefeller  Institute  for 
Hedical  Besearcb. 
1  Pbabob.    An  Kq>^menta]  Study  of  the  Nephrotozins,  UniwrHty  of  Pfnn,  Med.  Bull. 
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of  lesion  was  due  to  a  plugging  of  the  capillaries  by  endothelial 
cells,  aided  probably  also  by  a  direct  action  of  the  toxins  upon 
the  liver  cells,  another  type  could  be  explained  only  by  the 
occlusion  of  capillaries  by  fused  masses  of  red  blood  corpuscles 
(hyaline  thrombi).  Although  he  believed  the  fusion  of  these 
cells  to  be  due  to  an  agglutinin,  he  made  no  tests  to  demon- 
strate its  presence. 

As  far  as  I  am  aware  no  efforts  have  heretofore  been  made 
to  demonstrate  experimentally  a  relation  between  agglutinins 
and  liver  necroses.  Focal  necrotic  lesions  of  the  liver  following 
the  injection  of  cytotoxic  sera  have  been  described  by  Dele- 
zenne,*  Kraus'^  and  Fukuhara,*  but  in  no  instance  has  it  been 
suggested  that  agglutinins  were  concerned  in  their  production. 

Methods — ^Haemagglutinative  sera  have  been  prepared  by 
injecting  the  rabbit  with  various  organs  and  fluids  of  the  dog. 
As  the  investigation  was  carried  on  simultaneously  with  an- 
other which  had  for  its  object  the  determination  of  the  relative 
specificity  of  the  somatogenic  cytotoxins,'  it  has  been  possible 
to  work  with  a  large  number  of  artificial  sera.  These  include 
sera  prepared  by  injecting  defibrinated  blood,  washed  blood 
corpuscles,  blood  serum,  bile,  urine  and  washed  and  unwashed 
liver,  pancreas,  kidney  and  adrenal.  All  these  sera  possess  the 
power  of  agglutinating  the  red  blood  corpuscles  of  the  dog  in 
vitro ;  all,  however,  as  will  be  seen  are  not  sufficiently  power- 
ful to  cause  red  blood  corpuscle  thrombi  in  the  living  animal. 
The  sera  was  injected  under  ether  anaesthesia,  into  the  sap- 
henous vein  of  the  dog,  and  after  varying  periods  of  time  the 
animals  were  killed  by  chloroform.  The  histological  methods 
of  examination  include  hardening  in  Zenker's,  Miiller's  and 
Fleming's  solutions ;  imbedding  in  celloidin  and  paraffin ;  and 
staining  by  haematoxylin  and  eosin,  methylen  blue  and  eosin, 
Mallory's  connective  tissue  stain,  Weigert's  fibrin  stain  and 
safranin. 

General  Summary  of  Results — Liver  necroses  were  readily 
produced  by  sera  obtained  by  injecting  bile,  blood  and  blood 
containing  organs;    they  did  not  occur  after  the  use  of  sera 

«  DxLBzrvirs.    C.  B.  deV  Acad,  des  ScUnces^  1900,cxzzi,  497,  cited  by  Bacsl,  Siochtm., 
CentTtOb.,  1008,  i,  6*6. 

•  Kbaus.     Verhandl,  d.  Deuttch.  Path.  0€MU$eK ,  1908,  v,  68. 

*  FuKHUABA.    ZUgUr^g  BHtrdgty  1004,  xxxv,  434. 

^  PiARCR     Concerning  the  Specificity  of  the  Somatogenic  CytotoxinB,  Jour.Qf  Mid.  Research  ^ 
1904,  xll,  1. 
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prepared  by  injecting  urine,  serum  and  washed  organs,  except 
in  one  instance  in  which  an  exceedingly  high  dose  of  washed 
liver  serum  was  administered.  The  power  of  these  several 
sera  to  produce  conglutinative  thrombi  and  consequently 
necroses  varies  naturally  according  to  the  degree  of  agglu- 
tinating activity  which  they  possess.  While  the  most  potent 
sera  judging  by  the  reaction  in  vitro  and  by  the  extent  and 
severity  of  the  lesions  produced,  are  those  prepared  by  inject- 
ing blood  and  organs  containing  a  large  amount  oi  blood,  as 
the  liver  and  kidney,  it  is  worthy  of  note  that  the  agglutinative 
power  does  not  depend  entirely  on  this  element,  for  sera  almost 
as  powerful  were  obtained  by  injecting  bile  which  contains 
at  best  only  blood  derivatives.  On  the  other  hand  the  various 
sera  prepared  by  injecting  blood  free  fluids  and  organs  as 
urine,  serum  and  washed  organs,  while  without  power  to 
cause  sufficient  agglutination  in  the  animal  body  to  bring 
about  the  formation  of  conglutinative  thrombi,  do  cause  dis- 
tinct agglutination  in  vitro.  The  production  of  haemagglutinins 
therefore  would  appear  to  depend  on  the  same  principles 
which  govern  the  production  of  cytotoxins;  that  is,  upon  the 
similarity  in  part  at  least,  of  the  receptor  (chemical)  composi- 
tion of  the  various  cells  and  fluids.' 

The  more  powerful  sera  produce  multiple  liver  lesions 
almost  uniformly  when  administered  in  doses  of  1:1000  to 
1:500;*  smaller  doses  (less  than  1:1000)  may  produce 
necroses,  but  are  usually  without  effect;  large  doses  (1:500 
to  1 :30o)  usually  cause  death  within  a  few  hours.  This  last 
result,  however,  has  occurred  only  with  the  use  of  sera  pro- 
duced t>y  injecting  blood  and  unwashed  adrenal.  In  this 
regard  it  is  of  interest  that  the  serum  of  an  animal  receiving 
blood  in  doses  of  o.i  cubic  centimeter  is  as  powerful  as  that 
of  animals  receiving  doses  of  five  cubic  centimeters.  The 
serum  of  animals  receiving  washed  blood  is  as  potent  as  that 
of  those  receiving  defibrinated  blood.  The  power  of  unwashed 
adrenal  serum  to  produce  liver  necroses  was  but  slightly  less 

•  For  a  eooslderttion  of  this  rabjoct  and  aleo  for  a  deMription  of  the  cytolytic  action  of  the 
▼arions  aera  her*  mentioned  tea  Jonmal  of  Medical  Reaearch  1004,  xil,  1.  Only  the  asfrlnti- 
nattra  action  of  the  aera  and  the  ledona  prodnced  in  the  liver  will  be  considered  in  this 
eonmranicatlon. 

*  Thia  method  of  Indicating  the  doae  refers  to  the  relation  between  the  amonnt  of  senim 
injected  and  the  weight  of  the  animal.  Tbna  1:1000  indicates  that  an  animal  weighing  6000 
giammea  raoetred  5  c  c  of  serom  or  1  c.  c.  to  1000  grammea  of  body  weight. 
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than  that  of  sera  prepared  from  blood.  Unwashed  liver  and 
kidney  sera  and  serum  prepared  by  injections  of  bile  caused 
•liver  necroses  in  the  same  doses  as  did  the  above  sera,  but 
had  no  lethal  eltect.  On  the  other  hand,  washed  liver  serum, 
the  only  one  of  this  group  (sera  prepared  from  washed  organs) 
to  cause  necroses,  did  so  only  when  administered  in  very  large 
doses  (i  :266),  and  had  no  lethal  action.  Heated  sera  suflFered 
no  loss  of  agglutinating  power. 

The  necroses  produced  by  these  various  sera  develop  in  from 
twenty-four  to  forty-eight  hours.  They  are  usually  wide- 
spread, closely  massed  and  often  confluent.  The  surface  of 
the  liver  presents  a  mottled  appearance ;  small,  irregular,  yel- 
lowish brown  or  greyish  yellow  non-elevated  areas  being 
sharply  outlined  by  the  deeply  congested  normal  substance  of 
the  liver.  When  the  congestion  is  intense  the  necrotic  areas 
appear  depressed  owing  to  the  swelling  of  the  congested  liver 
surrounding  them,  and  fine  points  of  haemorrhage  may  be 
seen.  On  section  the  brownish  yellow  areas  have  a  distinct 
hyaline  appearance.  The  distribution  of  these  lesions  is  almost 
always  superficial,  few  necroses  being  found  more  than  half 
a  centimeter  below  the  surface.  When  the  distribution  is  not 
so  diflFuse,  the  more  prominent  lesions  are  at  or  near  the  free 
edges  of  the  lobes  and  occasionally  limited  to  the  smaller 
lobes  about  the  gall-bladder.  All  sera  produce  uniformly  the 
same  type  of  lesion,  though  not  always  the  same  degree  of 
destruction. 

Histology — ^The  necrotic  lesion  involves  the  greater  portion 
of  a  lobule,  often  the  adjoining  portions  of  several  lobules. 
Most  frequently  the  necrosis  is  in  the  peripheral  portion  of  the 
lobule,  but  occasionally  the  central  zone  is  involved.  The  rela- 
tion to  the  portal  vessels  is  striking,  the  altered  areas  fre- 
quently entirely  surrounding  the  portal  vessels.  The  necrosis 
is  hyaline  in  character,  the  cells  stain  poorly  with  eosin,  thus 
being  sharply  marked  off  from  adjacent  unaltered  cells.  The 
nuclei  may  be  fragmented,  but  more  commonly  are  shrunken 
and  irregular,  and  often  fail  entirely  to  take  the  stain.  Leucocy- 
tic  infiltration  seldom  occurs.  The  capillaries  in  the  midst  of 
these  areas  are  tightly  packed  with  red  blood  corpuscles.  In 
some  capillaries  the  cells  are  loosely  arranged,  but  in  others 
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homogeneous  more  or  less  cylindrical  cast-like  masses  of 
coalesced  cells  are  seen.  The  endothelium  of  the  capillaries 
is  usually  unaltered  and  accumulations  of  endothelial  cells  do 
not  occur.  An  occasional  endothelial  cell  or  polymorphonu- 
clear leucocyte  may  be  found  in  the  midst  of  these  masses, 
but  arc  never  present  in  considerable  numbers.  In  the  smaller 
portal  veins  adjacent  to  the  necrotic  areas  larger  ovoid  or 
coalesced  masses  are  seen.  These  may  entirely  fill  the  vessel, 
though  usually  a  few  loose  red  cells  may  be  found  at  the 
periphery.  The  appearance  of  these  masses  is  not  constant. 
All  contain  granular  and  hyaline  areas;  in  the  majority  the 
centre  is  granular  and  the  periphery  hyaline,  but  frequently 
this  arrangement  is  reversed.  In  some,  the  transition  from 
normal  corpuscles  to  irregular,  distorted  or  varicose  corpuscles 
and  finally  to  hyaline  and  granular  masses  may  be  seen.  The 
hyaline  areas  upon  close  examination  may  be  resolved^into  a 
tangled  mass  of  irregular  varicose  threads,  representing  appar- 
ently greatly  distorted  and  elongated  corpuscles.  Adherent 
to  the  walls  of  the  larger  vessels  distinctly  hyaline  masses 
with  stalactite-like  processes  may  occasionally  be  seen.  These 
are  apparently  of  the  same  origin  as  the  smaller  thrombi. 
Fibrin  does  not  enter  into  the  formation  of  these  thrombi, 
though  the  detection  of  finer  threads  of  fibrin  is  rendered  diffi- 
cult by  the  tendency  of  the  altered  corpuscles,  especially  after 
Zenker  hardening,  to  take  the  fibrin  stain.  Fibrin  threads 
may  occasionally  be  found  at  the  periphery  of  the  larger 
thrombi,  but  I  have  never  seen  them  in  connection  with  the 
smaller  plugs. 

Taking  advantage  of  the  fact  that  an  interlobular  vein  sup- 
plies adjacent  portions  of  several  lobules,  it  has  been  possible, 
especially  in  serial  sections,  to  demonstrate  a  relation  be- 
tween a  thrombus  of  such  a  vein  and  necrosis  of  the  peripheral 
portions  of  the  lobules  in  direct  relation  to  it.  Also  in  areas 
of  extensive  necrosis  involving  all  but  the  hepatic  vein  zone 
of  many  lobules,  the  portal  terminals  were  found  uniformly 
occluded.  While  it  is  possible  for  the  capillary  thrombi  within 
the  lobule  to  cause  necroses  the  more  important  plugging 
occurs,  I  believe,  in  the  perilobular  veins  or  the  branches  from 
which  they  originate.  The  anatomical  relation  of  the  agglu- 
tinated corpuscles  to  the  lesion,  in  the  absence  of  bacteria, 
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phagocytic  cell  or  fibrin  thrombi,  conclusively  indicates  that 
the  necroses  are  due  to  this  obstruction  of  the  smaller  veins. 

In  some  animals  dying  within  a  few  hours  after  the  injection 
of  large  amounts  of  serum  (i  1400  to  1 1500)  an  extraordinary 
condition  consisting  of  extreme  congestion  of  the  vessels  and 
disorganization  of  the  liver  cells  was  found.  Vessels  of  all 
sizes  were  widely  dilated  and  filled  with  agglutinated  cor- 
puscles, while  the  pressure  exerted  caused  a  narrowing  of  the 
columns  of  liver  cells  with  more  or  less  displacement.  In  one 
instance  the  pressure  was  so  great  that  complete  disorganiza- 
tion of  the  liver  substance  had  occurred.  This  destruction  was 
so  extreme  that  the  histological  picture,  large  sinus-like  spaces 
separated  from  one  another  by  this  compressed  and  irregularly 
arranged  columns  of  hepatic  cells  and  filled  with  closely  packed 
agglutinated  and  more  or  less  distorted  red  blood  corpuscles, 
was  most  suggestive  of  a  cavernous  angioma  with  thin  tra- 
becular In  this  early  lesion  the  liver  cells  stained  poorly,  but 
no  distinct  necroses  were  found  in  animals  dying  within  eigh- 
teen hours.  The  smaller  doses,  less  than  i  aooo,  on  the  other 
hand,  never  produced  changes  in  the  liver  other  than  an  occa- 
sional slight  congestion. 

In  connection  with  these  lesions  the  following  questions 
naturally  occur.  Why  do  not  similar  extensive  thromboses 
occur  in  other  organs?  Why  do  necroses  occur  almost  exclu- 
sively at  the  periphery  of  the  liver  and  why  are  they  limited 
practically  to  the  portal  area?  Capillary  thrombi  do  occur 
in  other  organs,  especially  in  the  glomeruli  of  the  kidney,  the 
periphery  of  the  lung,  in  the  adrenal  and  in  all  these  locations 
they  may  be  accompanied  by  minute  haemorrhages.  Their 
occurrence  is,  however,  infrequent  and  unaccompanied  by 
necrosis,  except  possibly  in  the  glomerulus  of  the  kidney. 
That  they  do  not  occur  more  frequently  is  probably  due  to 
peculiarities  in  the  circulation  in  the  various  organs.  It  is 
possible  that  the  slow  circulation  of  the  portal  system  allows 
the  formation  of  larger  masses  of  agglutinated  corpuscles  than 
could  form  in  the  rapid  flow  of  the  other  organs ;  while  on  the 
other  hand  the  narrow  capillaries  of  the  liver  are  more  readily 
occluded.  The  first  of  these  factors  would  also  explain  the 
greater  frequency  of  the  lesion  in  the  portal  vein  area  of  the 
lobule.     The  more  frequent  involvement  of  the  superficial 
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portions  of  the  liver  can  only  be  explained  by  Boxmeyer's 
assumption  that  the  blood  supply  of  this  portion  of  the  liver 
is  less  complete,  and  the  collateral  circulation  less  perfect  than 
in  the  deeper  portions  of  the  liver. 

Attempts  to  Demonstrate  the  Mechanical  Nature  of  the 
Thrombosis. — ^As  the  sera,  with  one  exception,  used  in  these 
experiments  was  haemolytic,  and  as  several  possessed  other 
C3rtotoxic  constituents,  it  became  necessary  to  rule  out  the 
direct  action  of  these  cytotoxins  upon  liver  cells  and  also  the 
possibility  of  an  obstruction  of  the  circulation  by  the  remains 
of  haemolysed  red  blood  corpuscles.  Several  observations  bear 
on  this  point  and  support  the  theory  of  mechanical  obstruction 
by  agglutinated  corpuscles.  In  order  to  definitely  determine 
that  an  agglutination  similar  to  that  seen  in  vitro,  takes  place  in 
the  circulating  blood  of  an  animal  receiving  an  agglutinative 
serum,  the  blood  of  a  dog  was  examined  four  minutes  after  the 
injection  of  serum  in  the  dose  of  i  :35o.  Blood  taken  quickly 
from  the  heart,  the  superior  vena  cava,  and  the  cut  surface  of 
the  liver,  and  diluted  with  salt  solution  showed  abundant 
coalesced  masses  of  red  blood  corpuscles.  Upon  standing,  a 
light  jelly-like  clot  formed  with  a  supernatant  fluid  containing 
distinct  agglutinated  masses  not  readily  disintegrated  by  agita- 
tion. Microscopically  these  masses,  which  varied  in  size,  were 
seen  to  be  composed  of  from  twenty  to  seventy  or  more  red  cor- 
puscles many  of  which  were  distorted  or  elongated  and  often 
so  fused  together  as  to  be  indistinguishable  one  from  the  other. 
In  another  instance  twenty-four  hours  after  injection  (dose 
1 :985),  masses  of  the  same  character  were  found  in  blood  from 
the  cut  surface  of  the  liver.  Here  the  cells  were  so  fused  to- 
gether that  the  outlines  of  individual  cells  could  not  be  recog- 
nized. 

That  agglutinin  alone  is  the  important  factor  in  producing 
these  necroses  is  shown  by  experiments  with  serum  prepared 
by  injecting  bile.  This  serum,  while  powerfully  agglutinative, 
unlike  the  other  sera  used,  has  no  haemolytic  power.  It  causes, 
however,  in  doses  of  i  .700  widespread  lesions  of  the  liver 
similar  to  those  described  above.  Attempts  to  render  other 
sera  haemolytically  inactive  by  heating  have  been  unsuccessful. 
Animals  receiving  such  sera  develop  haemoglobinuria  and  the 
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renal  changes  which  usually  follow  the  administration  of  a 
haemolytic  serum,  as  well  as  typical  liver  lesions,  the  result  of 
the  action  of  the  agglutinin. 

As  a  somewhat  imperfect  test^®  of  the  mechanical  nature  of 
the  thrombosis,  attempts  were  made  to  produce  necroses  by  in- 
jecting agglutinated  masses  of  red  corpuscles  freed  of  the 
excess  of  immune  serum  by  repeated  washing.  These  masses 
were  prepared  by  agglutinating  dog's  blood  in  vitro,  and  wash- 
ing hastily  in  several  changes  of  salt  solution.  Agglutinated 
masses,  thus  prepared,  injected  into  the  mesenteric  vein  in 
doses  of  five  to  ten  cubic  centimeters  seldom  produce  necroses 
and  those  which  do  occur  are  not  of  the  same  type  or  so  numer- 
ous as  those  produced  by  the  injection  of  agglutinative  serum. 
They  represent  the  type  of  granular  necrosis  with  nuclear 
fragmentation  rather  than  the  hyaline  type  and  are  very  few 
in  number.  Associated  hyaline  thrombi  were  found  only  occa- 
sionally. In  all  these  experiments  the  spleen  contained  a  very 
large  amount  of  altered  blood  pigment,  indicative  of  the  fate 
of  the  injected  cells.  I  consider  the  results  of  these  experi- 
ments to  be  of  little  significance  one  way  or  the  other,  for  the 
injection  of  five  or  ten  cubic  centimeters  of  agglutinated  cor- 
puscles, an  amount  readily  destroyed  in  the  animal,  is  in  no 
way  comparable  to  the  extensive  agglutination  resulting  from 
the  cumulative  action  of  ten  to  twenty  cubic  centimeters  of 
agglutinative  serum. 

Various  controls  as  the  injection  of  defibrinated  normal 
dogs  blood,  washed  haemolyzed  dogs  corpuscles,  the  blood 
and  the  clear  serum  of  dogs  in  which  the  liver  lesions  had 
been  produced,  and  normal  rabbits  serum  have  been  uniformly 
negative. 

Effect  of  Repeated  Injections. — ^The  severity  and  extent  of  the 
lesions  produced  by  the  injection  of  agglutinative  serum  sug- 
gested the  possibility  of  producing,  by  repeated  injections, 
conditions  analagous  to  acute  yellow  atrophy  or  the  more  acute 
forms  of  cirrhosis.  With  this  object  several  animals  have 
received  serum  intravenously  at  intervals  of  one  to  three 
weeks.  Thus  far  no  permanent  lesions  have  been  found  in  ani- 
mals which  have  been  killed  at  the  end  of  seven  weeks  after 

10  This  condition  of  this  test  is  not  perfect,  for  the  haemolytic  amboceptors  of  the 
art  of  ooone  fixed  by  the  red  corposcles. 
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receiving  three  injections.  Indeed,  from  a  study  of  the  liver 
necroses  in  a  small  number  of  animals  which  have  been  allowed 
to  live  more  than  a  few  days,  there  is  very  distinct  evidence 
that  these  lesions  are  completely  repaired.  The  observations 
upon  this  phase  of  the  subject  are,  however,  too  few  to  warrant 
a  definite  statement  at  this  time. 

May  Agglutinins  he  a  Factor  in  the  Production  of  Liver 
Necroses  in  Man? — In  considering  this  question  it  is  not  neces- 
sary to  go  into  the  general  literature  bearing  upon  the  etiology 
of  liver  necroses.  That  these  lesions  may  be  produced  by  the 
direct  action  of  bacteria  (B.  tuberculosis,  B.  pestis,  and  the 
pyogenic  cocci)  is  well  known.  Mallory^^  has  shown  very  con- 
clusively that  they  may  be  due  also,  especially  in  typhoid  fever, 
to  occlusion  of  the  capillaries  by  clumps  of  phagocytic  endo- 
thelial cells  with  or  without  associated  fibrin  coagula.  That  a 
strong  toxin  in  the  circulating  blood  may  produce  the  so-called 
central  necroses  is  also  indicated  by  his  investigations.  There 
remain,  however,  many  focal  necroses  which  cannot  be  satis- 
factorily explained.  Associated  with  such  are  frequently 
found  capillary  thrombi  described  as  hyaline  or  fibrinous.  It 
seems  probable  that  these,  in  view  of  the  facts  set  forth  in  this 
communication,  may  be  agglutinative  red  blood  corpuscle 
thrombi  and  the  essential  element  in  causing  the  necroses  with 
which  they  are  associated.  Flexner  and  Boxmeyer  working 
independently  came  to  the  conclusion  that  the  so-called  hyaline 
thrombi  were  composed  of  fused  red  blood  corpuscles.  Flex- 
ner found  such  thrombi  in  the  intestine  of  typhoid,  the  stomach 
of  carbolic  acid  poisoning  and  in  broncho-pneumonia ;  and  in 
the  rabbit  produced  them  experimentally  by  the  injection  of 
agglutinating  substances  as  ricin,  ether  and  dog's  serum ;  Box- 
meyer found  them  in  the  liver  necroses  of  experimental  hog 
cholera.  It  is  significant  that  the  latter  could  readily  dis- 
tinguish necroses  due  to  such  thrombi  from  those  due  to 
phagocytic  cell  thrombi.  Many  of  those  who  have  studied  hyaKne 
thrombi,  state  that  they  are  composed  of  fused  and  altered  red 
blood  corpuscles,  but  do  not  explain  the  mechanism  of  the  fusion. 
Ziegler's**  opinion  that  they  are  formed  largely  from  the  colorless 
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elements  of  the  red  blood  cells,  is  of  interest  in  view  of  our  newly 
acquired  knowledge  of  agglutination  and  haemolysis. 

In  attempting  to  bring  agglutinative  thrombi  into  relation 
with  liver  necroses  in  man  it  is  necessary  to  explain  the  origin 
of  the  agglutinin.  The  possibility  of  its  development  as  a 
bacterial  product  in  the  course  of  infectious  diseases,  naturally 
suggests  itself.  It  is  well  known  that  a  considerable  number 
of  bacteria  produce  haemolysins,  and  it  has  been  demonstrated 
that  a  few  produce  also  haemagglutinins.  This  agglutinating 
power  is  possessed  also  by  several  poisons  not  of  bacterial 
origin.  In  this  connection  it  is  significant  that  most  of  the 
conditions  in  which  hyaline  thrombi  have  been  described  are 
of  bacterial  etiology  as  hog  cholera,  typhoid  fever,  broncho- 
pneumonia, diphtheria  and  infections  with  the  pyogenic  cocci ; 
or  intoxications  as  poisoning  by  ergotin,  corrosive  sublimate, 
carbolic  acid,  ricin  and  abrin.  Of  considerable  interest  in  this 
connection  is  Flexner's  reference  to  the  occurrence  of  agglu- 
tinative thrombi  in  the  liver  lesions  of  eclampsia.  The  occur- 
rence of  hyaline  thrombi  m  the  vessels  of  the  rabbit's  ear,  after 
freezing,  points  also  to  an  injury  of  red  cells  leading  to  agglu- 
tination. 

It  seems  probable  that  the  application  of  experimental 
methods  may  demonstrate  that  agglutinins  may  be  formed  in 
various  infectious  and  toxic  conditions  in  sufficient  quantity 
to  cause  agglutinative  (hyaline?)  thrombi  with  the  develop- 
ment of  liver  necroses  and  possibly  other  lesions.  Experi- 
ments, now  in  progress,  with  the  products  of  antolyzed  bacteria 
indicate  the  presence  of  such  a  body  in  sufficient  amount  to 
produce  agglutinative  thrombi. 
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CONCERNING  HEMAGGLUTININS  OF  BACTERIAL 

ORIGIN  AND  THEIR  RELATION  TO  HYALINE 

THROMBI  AND  LIVER  NECROSES.* 
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CHARLES  K.  WINNE,  Jr.,  M.  D. 
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Elsetdiere,  one  of  us^  has  described  the  hetna^utinative 
power  of  yarious  cytolytic  immtine  sera  and  the  relatioa  of  the 
red  blood  corpuscle  thrombi  (hyaline  thrombi)  resulting  from  the 
injection  of  such  sera  to  focal  hyaline  necroses  of  the  liver.  The 
distinct  character  of  the  liver  lesicms  thus  produced,  and  the  fact 
that  they  could  be  explained  only  by  the  presence  of  agglutinated 
red  blood  corpuscle  tiutxnbi,  suggested  the  possibility  lliat  similar 
lesions  occurring  in  various  infectious  diseases  might  be  due  to  the 
development  of  hemagglutinins  of  bacterial  origin.  In  c^der  to 
test  this  supposition  we  have  attempted  to  demcmstrate  the  presence 
of  hemagglutinins  in  filtrates  of  bacteria  treated  in  various  ways^ 
and,  by  the  injection  of  the  same  into  animals,  to  produce  aggluti- 
nated red  blood  corpuscle  thrombi  and  associated  liver  necroses. 

It  is  not  our  intention  to  go  into  the  general  literature  of  these 
subjects,  but  merely  to  toudi  upon  those  points  which  rdate  to 
infectious  conditions.    The  more  important  views  concerning  Hver 
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necroses  may  be  found  in  the  papers  of  Flexner,'  Mallory/  Box- 
meyer*  and  Opie.**  That  the  so-called  hyaline  thrombi  may  be 
composed  of  altered  and  fused  red  blood  corpuscles  we  consider 
to  be  definitely  established.  The  recent  studies  of  Flexner,*  Box- 
meyer,  and  Pearce  offer  conclusive  evidence  of  such  origin  and 
support  the  earlier  observations  of  Klebs'  and  Ziegler.*  The  occur- 
rence of  hyaline  thrombi  in  ccmnection  with  various  infectious  and 
toxic  conditions  has  been  emphasized  by  Welch,*  who,  in  his  simi- 
mary  of  the  literature,  mentions  particularly  infections  with  S. 
pyogenes  aureus  and  B.  cholerae  suis,  and  offers  a  suggestion  con- 
cerning their  origin  from  red  blood  corpuscles.  In  a  later  dis- 
cussion^® of  the  subject  he  brings  forth  the  hitherto  unpublished 
observations  of  Fisher  concerning  the  plugging  of  small  vessels  by 
agglutinated  red  cells  as  the  result  of  injecting  typhoid  bacilli,  and 
calls  attention  to  the  evidence  in  favor  of  the  interpretation  of 
many  of  the  hyaline  thrombi  as  derived  from  fused  red  blood  cor- 
puscles. Other  important  observations  are  those  of  Flcxner,  who 
found  similar  thrombi  in  the  intestine  of  typhoid  fever,  in  broncho- 
pneumonia and  in  experimental  diphtheria ;  and  also  of  Boxmeyer, 
who  could  distinguish,  in  the  livers  of  rabbits  dying  of  experi- 
mental hog  cholera,  between  necroses  due  to  endothelial  cell 
thrcMnbi  and  those  due  to  agglutinated  red  blood  corpuscle  thrombi. 
The  hyaline  thrombi  occurring  in  various  intoxications,  due  to 
either  organic  or  inorganic  poisons,  and  in  toxic  conditions  of 
doubtful  origin,  as  eclampsia,  are  undoubtedly  of  similar  nature; 
but  as  they  do  not  come  within  the  scope  of  this  study,  will  not 
be  further  considered. 

Of  considerable  historical  interest  in  connection  with  this  ques- 
tion of  the  occurrence  of  red  blood  corpuscle  thrombi  in  the  course 
of  infectious  diseases  are  the  observati<ms  of  Hueter,^*  made  in 
1873.  As  the  result  of  his  studies,  to  which  attention  has  recently 
been  called  by  Welch,^*  Hueter  came  to  the  conclusion  that  clump- 
ing of  red  blood  corpuscles,  causing  permanent  or  transient  occlu- 
sion of  capillaries  and  small  vessels  ("globulose  Stase  und 
Embolie")  occurred  not  uncommonly  in  septic  and  other  fevers. 
His  theory  that  this  phenomenon  constituted  the  underlying  basis 
of  fever  has  never  gained  acceptance,  but  the  observations  are  of 
interest  in  connection  with  our  recently  acquired  knowledge  of 
bacterial  hemagglutinins,  v.  Recklinghausen^*  considers  this 
globular  stasis  of  Hueter  to  be  analogous  to  a  condition  found  in 
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the  capillaries  after  transfusion  of  alien  blood,  and  which  he 
describes  as  an  "agglutination"  of  red  blood  cells. 

In  planning  this  investigation  it  was  evident  that  as  necroses  of 
the  liver  are  most  frequently  associated  with  infections  by  the  bacil- 
lus of  typhoid  fever  and  the  bacillus  of  hog  cholera,  the  bulk  of 
the  work  should  be  done  with  these  organisms.  In  order,  however, 
that  no  opportunity  might  be  lost,  the  literature  dealing  with  bac- 
terial hemolysins  was  examined  in  the  hope  of  finding  reference 
to  organisms  which  produced  also  hemagglutinins ;  of  twenty-nine 
such  investigations^*  but  six^*  refer  to  the  production  of  hemagglu- 
tinins by  bacteria.  Kraus  and  Ludwig  found  that  bouillon  cultures 
of  S.  pyogenes  aureus  and  Vibrio  Paris  had  the  power  of  agglu- 
tinating red  blood  <x)rpuscles  in  vitro  in  from  ten  to  twenty-four 
hours  at  room  temperature.  The  mass  which  settled  at  the  bottom 
of  the  tube  was  seen  upon  agitaticm  to  be  composed  of  anall  clumps 
of  red  blood  corpuscles  which  could  not  easily  be  disintegrated. 
The  agglutinin  they  considered  to  be  independent  of  the  hemolysin ; 
but,  on  the  other  hand,  they  state  that  organisms  which  do  not 
hemolyse  also  do  not  agglutinate.  Small  amounts  of  the  cultures 
caused  agglutination  without  hemolysis.  Volk  and  Lipschtitz, 
working  with  staphylolysin  and  vibriolysin,  describe  agglutination 
in  connection  with  incomplete  hemolysis  of  rabbits*  blood,  but  did 
not  observe  it  with  other  bloods.  Volk,  as  a  result  of  his  obser- 
vations, comes  to  the  conclusion  that  agglutination  is  due  not  to  a 
specific  body,  but  to  non-isotonicity  of  the  fluid.  Calamida  states 
that  no  agglutination  precedes  the  hemolysis  caused  by  bouillon 
cultures  of  the  chicken-cholera  bacillus.  Flexner  mentions  agglu- 
tinins of  low  activity  in  filtrates  of  B.  pyocyaneus,  B.  typhosus, 
and  S.  pyogenes  aureus.  Kayser,  in  his  study  of  colilysin,  ob- 
served a  clumping  of  red  cells  in  connection  with  incomplete 
hemolysis,  but  not  when  complete  solution  occurred.  Of  greatest 
interest,  however,  and  very  suggestive,  is  the  observation  of  Eisen- 
berg,^"  who  found  the  blood  of  an  individual  with  a  generalized 
pyocyaneus  infection  to  be  both  auto-agglutinative  and  iso-agglu- 
tinative. 

As  the  result  of  this  survey,  it  seemed  advisable  to  utilize  B. 
pyocyaneus  and  S.  pyogenes  aureus  in  addition  to  B.  typhosus 
and  B.  cholerae  suis;  and  these,  with  B.  dysenteriae  and  S.  pyo- 
genes, constituted  the  group  of  organisms  finally  selected  for  study. 
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Methods.  In  previous  attempt  (Reed/*  Flexner,  Mallory, 
and  Boxmeyer)  to  produce  liver  necroses  by  the  injection  of  micro- 
organisms, either  the  living  culture,  g^own  in  the  ordinary  way, 
or  its  filtrate  has  been  used.  With  the  use  of  the  former  it  has 
been  diflBcult  to  distinguish  between  the  direct  action  of  the  organ- 
ism and  the  effect  produced  by  its  toxin ;  with  the  latter  the  action 
of  intracellular  toxins  has  been  excluded.  In  our  experiments  the 
direct  action  of  the  microorganisms  has  been  eliminated  by  the  use 
of  filtered  fluids,  and  an  attempt  has  been  made  to  obtain  the  intra- 
cellular constituents  of  the  bacterial  cells  by  the  utilization  of 
methods  destined  to  cause  its  disintegration.  Various  writers  have 
described  methods  by  which  the  bacterial  cell  is  destroyed  and  its 
receptors  liberated.  Of  these  methods  we  have  tried,  with  certain 
modifications,  the  processes  of  autolysis  described  by  Conradi,^' 
Neisser"  and  Shiga,  and  Brieger  and  Mayer.^*  The  various 
organisms  have  been  grown  for  twenty-four  to  seventy-two  hours 
on  agar  in  large  flat  flasks  having  a  surface  of  twenty  by  eight 
centimetres.  The  growth  on  several  flasks,  usually  three  or  four, 
has  then  been  scraped  off,  subjected  to  55**  C.  for  forty-five  min- 
utes, and  placed  in  tubes  containing  0.85  per  cent,  salt  solution 
at  a  temperature  of  37.5°  C.  for  two  to  three  days.  In  scwne 
instances  the  fluid  has  stood  for  longer  periods,  varying  from  one 
to  seven  weeks.  The  fluid  has  then  been  filtered  (Chamberland 
B.  and  F.)  and  injected  intravenously  into  animals  after  testing 
its  agglutinative  power  in  vitro.  At  various  stages  of  the  process 
suitable  controls  were  made  to  demonstrate  absence  of  contamina- 
tion and  the  efficiency  of  the  filters. 

In  addition  to  this  method, of  growing  the  organism,  an  attempt 
was  also  made  to  stimulate  the  production  of  hemagglutinin  by  pre- 
viously growing  the  organisms  in  media  containing  red  blood  cells. 
This  method  was  suggested  by  the  theory  of  "bacteriogenic  cyto- 
toxins,"  advanced  by  Welch  in  his  Huxley  Lecture:  "Certain 
substances  of  the  host  of  cellular  origin,  assimilated  by  the  para- 
sites through  the  possession  of  haptophore  groups  with  the  proper 
affinities,  become  anchored  to  receptors  of  the  parasitic  cell,  which, 
if  not  too  much  damaged,  is  thereby  simulated  to  the  overproduc- 
tion of  like  receptors ;  these  excessive  receptors  of  the  parasite,  if 
cast  off  into  the  fluids  or  the  cells  of  the  host,  then  constitute 
intermediary  bodies,  etc."  The  writer  further  states :  "by  a  similar 
mechanism  it  is  possible  that  parasites  may  be  stimulated  to  the 
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production  also  of  antibodies  other  than  cytotoxins,  such  as  various 
agglutinins,  precipitins,  antienzymes — all  adjusted  against  the 
host/' 

Assuming  that  if  this  hypothesis  might  apply  to  organisms  grow- 
ing in  living  cells  or  fluids,  it  might  hold  also  for  those  grown  on 
cells  outside  the  body,  typhoid  and  hog  cholera  bacilli  have  been 
grown  in  ,various  blood  preparations.  These  include  both  defi- 
brinated  and  washed  blood  added  in  various  proportions  to  salt 
soluticMi,  and  fresh  sterile  rabbits'  organs.  The  period  of  growth 
in  the  various  blood  mixtures  varied  from  twenty-four  to  seventy- 
two  hours ;  in  scwne  instances  inoculations  into  fresh  blood  solutions 
or  upon  fresh  organs  being  made  on  each  of  three  successive  days. 
The  sterile  organs  were  prepared  according  to  the  technique  de- 
scribed by  Flexner.'®  By  these  various  methods  it  was  hoped  that 
the  organism  would  be  stimulated  to  produce  agglutinins  and  that 
this  power  would  be  retained  during  the  subsequent  growth  on 
agar,  giving  in  the  finished  autolyzed  product,  a  fluid  of  appreciably 
augmented  agglutinating  power.  Observations  supporting  this 
theory  have  been  made  by  Marmorek  and  by  Simon,  who  found 
that  streptococci  g^own  in  media  composed  of  leukocytes  alone, 
or  with  bouillon  added,  secrete  a  toxin  of  considerable  power. 
Simon*^  believes  that  the  streptococcus  in  order  to  secrete  toxin 
must  meet  a  certain  resistance  to  its  development,  and  that  this 
resistance  is  furnished  by  something  in  the  leukocytes.  This  ex- 
planation, put  in  the  terms  of  Ehrlich,  corresponds  to  Welch's 
hypothesis.  Our  attempts  to  produce  free  agglutinin  receptors  by 
growing  the  organisms  in  blood  we  consider  analogous  to  Simon's 
method  of  producing  toxin  by  growth  in  leukocytes.* 

Another  method  employed  was  the  growth  of  an  organism  in 
heated  rabbit  serum.  This  was  suggested  by  the  observation  of 
Besredka,**  that  the  streptococcus  produces  an  hemolysin  when 
thus  grown. 

Results.  The  tests  for  agglutination  were  made  by  adding 
nine  parts  of  the  various  filtrates  to  one  part  of  blood.  Observa- 
tions were  made  at  room  temperature  and  at  37.5**  C.  at  varying 

*Another  point  in  faror  of  this  theory  of  bacteriogenic  antibodies  is  the  observation  of 
Theobald  Smith  (verbal  communication)  that  recently  isolated  cultures  of  the  hog- 
cholera  bacillus  have  a  greater  power  to  produce  liver  necroses  than  have  old  cultures. 
Accepting  Boxmeycr's  work  on  the  relation  of  agglutinative  red  blood  corpuscle  thrombi 
to  each  ksions,  the  explanation  naturally  suggested  is,  that  residence  in  the  animal  hat 
stimuUited  the  power  of  the  bacillus  to  produce  agglutinin. 
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periods  up  to  twenty-four  hours.  The  dumping  of  red  blood  cor- 
puscles by  bacterial  hemagglutinins  is  of  slight  degree  as  compared 
with  that  produced  by  various  cytolytic  immune  sera.  The  power- 
ful agglutination  of  the  latter  is  never  seen,  and  for  this  reason 
more  careful  comparison  with  controls  is  necessary  in  order  to 
detect  slight  differences  in  reaction.  This  feeble  activity  renders  it 
diflScult  to  make  definite  statements  ccmceming  some  of  the  organ- 
isms studied.  While  all  (B.  typhosus,  B.  cholerae  suis,  B.  pyocy- 
aneus,  B.  dysenteriae,  S.  pyogenes  aureus  and  S.  pyogenes)  in  the 
majority  of  tests,  in  vitro,  showed  a  slight  agglutination  as  com- 
pared with  controls  the  effect  of  filtrates  of  B.  dysenterise,  B. 
cholerae  suis  and  B.  pyocyaneus  was  so  slight  as  to  be  considered 
doubtful.  With  other  organisms  the  agglutination  was  more  evi- 
dent, being  most  distinct  with  filtrates  of  S.  pyogenes.  Upon 
microscopic  examination  (hanging  drop)  the  clumping  caused  by 
the  streptococcus  was  always  in  the  form  of  massive,  more  or  less 
branching,  rouleaux;  while  with  all  other  cultures  an  irregular 
agglutination  of  a  small  number  of  corpuscles  was  seen.  The 
agglutination  due  to  the  streptococcus  could  be  seen  after  fifteen 
to  twenty  minutes,  as  the  corpuscles  settled,  while  with  the  other 
organisms  it  could  be  seen  cmly  upon  agitation  after  a  considerable 
period  of  time.  More  definite  results  were  obtained  with  rabbits' 
blood  than  with  dogs'  blood. 

Of  tmusual  interest  and  very  suggestive  are  the  agglutination 
tests  with  filtrates  of  typhoid  bacilli  previously  grown  in  blood 
suspensions  and  on  fresh  sterile  organs ;  though  carried  out  in  but 
a  small  number  of  tests,  they  appear  to  be  confirmatory  of  Welch's 
h)rpothesis  mentioned  above.  These  filtrates,  especially  those  of 
bacilli  grown  on  sterile  organs,  exhibit  an  appreciably  greater 
power  of  agglutination  than  the  filtrates  of  organisms  grown  on 
agar  only. 

While  no  effort  was  made  to  study  especially  bacterial  hemol- 
ysins, it  is  of  interest  that  ,the  autolytic  products  of  bacteria  as 
here  prepared  have  never  caused  hemolysis.  This  result  is  in 
harmony  with  the  observations  of  Jordan,*'  Williamson**  and 
others  who  hold  that  the  hemolysis  produced  by  many  bacterial 
filtrates  (B.  typhosus,  B.  pyocyaneus)  is  to  be  explained  by  the 
presence  of  an  alkali  elaborated  in  the  growth  of  the  organism. 
The  filtrates  used  in  our  tests  have  all  been  faintly  acid  to  phenol- 
phthalein. 
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The  animals  selected  for  the  injection  experiments  were  dogs 
and  rabbits;  the  former  receiving  five  to  twenty  cubic  centimetres 
(dose  I  :i5i4  to  1 1235)  of  the  filtrates  in  either  the  saphenous  or 
mesenteric  vein ;  the  latter  CMie  to  twenty  cubic  centimetres  (dose 
I  :i790  to  1 :64)  in  either  the  mesenteric  or  marginal  ear  vein.  In 
all,  twenty-nine  injections  have  been  made;  in  no  instance  did 
death  occur  as  the  immediate  result  of  the  ^injection.  Necroses 
of  the  liver  occurred  in  ten  of  the  animals.  Two  of  these  we 
have  thought  best  to  exclude  because  of  associated  cocddiosis, 
although  the  necroses  appeared  to  be  entirely  independent  of  the 
parasitic  invasion ;  another  has  been  excluded  also  because  of  the 
chronic  character  of  the  lesion.  The  remaining  seven  cases  ex- 
hibited t3rpical  necroses ;  two  occurring  in  dogs  and  five  in  rabbits. 
These  lesions  followed  the  injection  of  filtrates  of  the  typhoid 
bacillus  in  three  cases,  of  the  hog-chdera  bacillus  in  three  cases, 
and  of  the  dysentery  bacillus  in  one  case.  Filtrates  of  the  B.  pyo- 
cyaneus,  S.  pyogenes  aureus,  and  S.  pyogenes  did  not  cause 
necroses.  These  necroses  are  not  always  visible  to  the  naked 
eye,  but  when  seen  macroscopically  they  appear  as  miliary  points, 
or  occasionally  as  round  or  oval  areas  or  linear  streaks  of  grayish 
color,  and  distinctly  separated  frcmi  the  normal  liver  tissue.  They 
are  very  few  in  number  compared  to  those  produced  by  the 
^agglutinins  of  cytolytic  immune  sera,  and  are  usually  limited  to 
the  superficial  portions  of  the  liver.  Portions  of  the  Uvcr  in 
contact  with  other  lobes  or  adjacent  organs  are  more  frequently 
involved  than  the  free  surfaces.  Histologically,  the  liver  cells 
exhibit  a  h)ralin  necrosis,  the  nuclei  being  entirely  destroyed,  or 
evident  merely  as  faint  rings ;  fragmented  or  pyknotic  nuclei  were 
seldom  seen.  In  many  of  these  areas  the  vessels  are  filled  with 
red  blood  corpuscles  more  or  less  altered  and  fused,  and  sugges- 
tive of  hyaline  thrcMnbi.  This  condition,  however,  is  not  constant, 
and  is  not  so  evident  as  in  the  n  xerotic  lesions  produced  by  cytolytic 
immune  sera.  On  the  other  hand,  larger  vessels,  especially  the 
smaller  branches  of  the  portal  vein,  contain  typical  agglutinative 
red  corpuscle  thrombi  more  or  less  completely  occluding  the  ves- 
sel. Similar  thrombi  of  small  vessels  have  been  seen  in  other 
organs,  as  the  kidney,  spleen,  and  lymph  nodes,  but  without  defi- 
nitely associated  lesions.  Other  thrombi,  as  those  composed  of 
endothelial  cells,  fibrin,  etc.,  have  not  been  seen  in  the  liver. 

Fatty  changes  in  the  liver  and  kidney,  intense  congestion  of 
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the  spleen  and  lymph  nodes,  and  a  proliferation  of  the  endothelial 
cells  of  the  lymph  sinuses  have  been  found  not  infrequently  after 
the  injection  of  typhoid  and  hog  cholera  filtrates.  A  relation 
between  these  lesions  and  the  injected  fluids  cannot,  however,  be 
readily  demonstrated;  the  proliferation  of  endothelial  cells,  espe- 
cially, is  not  infrequent  in  apparently  normal  animals.  That  some 
serious  injury  to  the  kidney  is  brought  about  is  indicated  by  the  ap- 
pearance of  albumen  in  the  urine  after  the  injection  of  filtrates 
of  B.  t)rphosus  and  B.  dysentriae. 

The  results  of  the  injection  of  filtrates  of  typhoid  and  hog 
cholera  bacilli  grown  upon  blood  media,  while  very  suggestive, 
are  not  conclusive,  owing  to  the  small  number  of  observations. 
But  six  filtrates  so  grown  were  injected.  Filtrates  of  the  typhoid 
bacillus  grown  in  blood  suspensions,  while  possessing  an  increased 
agglutinating  power  in  vitro,  did  not  cause  necroses  upon  injection ; 
on  the  other  hand,  two  different  filtrates  of  the  same  culture  grown 
for  several  days  on  sterile  rabbits'  organs  caused  the  most  extensive 
lesions  observed  in  the  course  of  this  investigation.  The  bacillus 
of  hog  cholera  grown  in  blood  suspensions  caused,  in  one  instance, 
lesions  in  the  liver.  The  attempt  to  produce  necroses  with  such 
filtrates  has  therefore  been  successful  in  three  of  six  experiments ; 
while  with  filtrates  of  the  same  organism  grown  on  plain  agar 
necroses  resulted  in  three  of  twelve  attempts.  These  results  are 
suggestive  in  connection  with  the  increased  agglutinating  power 
observed  in  vitro,  but  the  small  number  of  experiments  does  not 
warrant  definite  conclusions. 

Filtrates  of  B.  typhosus  grown  in  heated  rabbit  serum  produced 
no  lesions  upon  injection  into  rabbits. 

Conclusions.  The  filtered  autolyzed  products  of  a  number  of 
bacteria  possess  hemagglutinins  of  low  activity ;  the  formation  of 
these  may  be  stimulated  by  previously  growing  the  microorgan- 
isms on  media  containing  fresh  red  blood  cells.  The  injection  of 
these  filtrates  into  dogs  and  rabbits  is  followed  in  some  instances 
by  the  occurrence  of  liver  necroses  with  associated  fused  red  blood 
corpuscle  thrombi ;  like  thrombi  may  occur  in  other  organs.  These 
thrombi  are  similar  in  structure  to  those  generally  described  as 
hyaline  thrombi.  The  demonstration  of  agglutination  in  vitro  and 
the  association  of  the  fused  red  cells  with  the  liver  lesions  suggest 
a  relation  of  the  agglutinin  to  the  lesions.  This  relation,  however, 
cannot  be  considered  as  proven,  for  it  is  impossible  to  exclude  the 
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effect  of  toxins  acting  directly  upon  the  liver  cells ;  on  the  other 
hand^  the  similarity  of  the  lesion  to  the  very  definite  necroses 
caused  by  he  powerful  agglutinins  of  cytolytic  immune  sera 
strongly  supports  the  possibility  of  such  a  relation. 

The  results  observed  by  us  are  in  accord  with  the  slight  potency 
of  the  agglutinin  obtained.  It  is  probable  that  methods  which 
cause  a  more  complete  disintegration  of  the  bacterial  cells,  as 
those  employed  by  Vaughan**  and  by  MacFadyan  and  Rowland,** 
would  yield  an  agglutinin  as  powerful,  ccwnparatively,  as  the 
toxins  so  derived,  and  capable  of  producing  lesions  more  analogous 
to  those  caused  by  the  agglutinins  of  cytolytic  immune  sera. 

We  present  this  communication,  therefore,  not  as  an  attempt  to 
prove  that  all  hyaline  thrombi  are  composed  of  fused  red  blood 
corpuscles,  or  that  all  liver  necroses  are  caused  by  such  thrombi, 
but  rather  to  indicate  the  evidence  in  favor  of  the  view  that  these 
lesions,  in  some  instances,  may  be  due  to  bacterial  hemagglutinins. 
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COMPLICATIONS  AND  DEGENERATIONS  OF 
UTERINE  FIBROMYOMATA. 

A    PATHOLOGICAL     AND    STATISTICAL     STUDY    OF    TWO     HUNDRED 
AND    EIGHTY     CASES. 

Read  before  the  Philadelphia  Obstetrical  Society.      PubKshed  in  the  Jour- 
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By  ELIJCE  MDONALD,  M.  D., 

AMi0ttyltBe•ldelUPhJllciaI^L7ing-iBHoq>itslortheCit7Of  KewYoik^  Yoliutary  Aa- 

lisUmt,  BeDderHygieiiic  Laborat<M7,  Albtny,  K.  Y. 

(Froii  the  Bender  Hygienic  Laboratory,  AIlMUiy,  K.  Y.) 
INTRODUCTION 

Recent  discussions  in  the  surgical  and  gynecologic  branches 
of  the  Americant  British  and  French  medical  organizations, 
indicate  a  renewed  interest  in  the  question  of  treatment  of 
uterine  fibromyomata.  This  is  due  largely  to  facts  brought 
forth  as  the  result  of  the  systematic  routine  pathologic 
examination  of  all  ''fibroid"  tumors.  The  frequency  with 
which  fibroid  tumors  present  degenerations  and  are  accom. 
panied  by  complications  has  upset  the  classical  teaching  in 
regard  to  prognosis  and  treatment  of  these  growths.  More 
particularly  has  interest  been  stimulated  in  regard  to  the 
so-called  "malignant  degenerations/'  as  is  evidenced  by  the 
prominent  place  which  carcinoma  and  sarcoma  occupy  in 
recent  publications  on  myoma.  At  present,  however,  the 
results  of  pathologic  studies  are  not  definitely  collected,  and 
there  is  a  lack  of  statistical  comparison.  The  importance  of 
bringing  together  such  results  is  evident,  for  the  question  of 
operative  interference  and  extent  of  operation   must    depend 
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on  information  derived  from  combined  clinical  and  pathologic 
reports.  In  regard  especially  to  the  extent  of  operation  are 
the  results  of  pathologic  investigation  of  value.  While  in 
the  removal  of  a  benign  tumor  it  is  without  doubt  ideal  that 
the  patient  should  suffer  as  little  mutilation  as  possible,  still 
that  operation  must  be  done  which  offers  the  least  danger, 
and  at  the  same  time  takes  into  consideration  the  various 
attendant  complications.  On  this  point  recent  investigations 
indicate  that  the  complications  of  myomata  are  by  no  means 
to  be  lightly  considered. 

Aside  from  the  tumor  itself,  the  adjacent  organs  must  be 
taken  into  account.  The  question  of  the  condition  of  the 
ovaries  is  important  from  the  fact  that  in  supravaginal 
hysteromyomectomy  the  trend  of  opinion  among  gynecolo- 
gists is  that  an  ovary  should  be  left  in  order  to  ameliorate 
the  severe  menopausal  symptoms  sometimes  produced  by 
complete  ablations.  For  this  reason  the  microscopic  study 
of  these  organs  is  important  in  order  to  determine  the  fre- 
quency of  disease  of   the    ovary  in  connection  with  myoma. 

Also,  after  hysteromyomectomies  and  myomectomies,  the 
possibility  of  infection  from  a  diseased  tube  is  of  importance, 
not  only  as  concerns  the  union  of  the  wound,  but  also  as 
regards  the  mortality  of  these  operations.  Hence  the 
examination  of  the  tubes  for  salpingitis,  pyosalpinx,  etc.,  is 
of  no  slight  value. 

In  the  study  which  is  here  presented,  an  attempt  has  been 
made  to  determine  the  frequency  of  the  various  degenera- 
tions and  complications  and  to  base  thereon  certain  general 
conclusions  concerning  treatment 

GENERAL    LITERATURE 

Since  Martin^  in  1888  made  his  study  of  degenerations  in 
205  cases  of  fibromyomata,  others  have  reported  similar 
series,  notably  Noble,*  258  cases;  Cullingworth,'  100  cases; 
Mary  Scharlieb,*  lOO  cases,  and  Frederick,*  125  cases. 
Combined,  these  make  788  cases  available  for  the   classHica- 
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tion  as  to  degenerations.  There  is  some  slight  difference  in 
the  classifications  of  the  five  writers,  but  by  taking  certain 
liberties  with  their  tables,*  the  degeneration  may  be  sum- 
marized as  follows: 

Fatty  degenerations  7 

Calcareous  infiltration ii 

Necrosis  55 

Cystic  degeneration  34 

Telangiectasis  46 

Sarcoma    17 

Associated  carcinoma  cervids 15 

Associated  carcinoma  corporis 17 

Myxomatous  (edematous)   8 

Associated  syncytioma  • i 

(Total  number  of  cases,  788.) 

Martin  has  not  estimated  his  complications;  so  for  the 
purpose  of  that  classification  only  the  series  of  Noble, 
Culiingworth,  Mary  Scharlieb  and  Frederick  are  available 
They  are  as  follows: 

Appendicitis  13 

Hydrosalpinx  41 

Hematosalpinx    2 

Ovarian  cyst  32 

Dermoid  cyst 5 

Ectopic  pregnancy  4 

Papillary  carcinoma  of  ovary 2 

Pjrosalpinx 18 

Salpingitis  10 

Abscess  of  ovary  7 

Tubo-ovarian  abscess  i 

Dilated  ureters  and  hydronephrosis i 

Dilated  ureter,  hydronephrosis  and  pyelitis i 

Parovarian  cyst 3 

Cystic  ovaries  18 

Hematoma  of  ovary  i 

^n  thii  table  aflsocUted  tamon  are  arbftrarlly  indnded.  Martin^i  teo  cases  of  suppn- 
ratfon  are  placed  under  necrosis.  T4 oble's  case  of  svncytioma  is  retained,  altbonfrh  there  is  some 
doobt  from  the  pathologic  report  as  to  whether  there  was  a  fibroid  associated  with  the  new 
growth.  This  tumor  waa  twice  reported.  The  following  extract  is  from  the  second  publication, 
patbolii^c  report  bj  Dr.  Babcock  :  **  In  the  early  description  of  the  gruwth  it  was  described 
as  a  saroomatons  or  endotheltomatoos  degeneration  of  a  fibroid  tnmor ;  bot  reetndy  gives  no 
snrldaioe  that  flbromnscQlar  tissue  la  present  more  than  would  accompany  the  growth  of  the 
■mjtialtomor.    ItiabdigvtEtt1i»tUrfgtoaprim«yiyiii7tiPmmi^ 
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Tubercular  peritonitis  I 

Universal  adhesions   * aa 

(Total  number  of  cases,  583.) 

In  making  this  compilation  a  great  difference  in  classifica- 
tion was  apparent.  Frederick  and  Mary  Scharlieb  alone 
mention  cystic  ovaries.  CuUingsvorth  in  his  100  cases 
does  not  mention  salpingitis.  Many  complications  of  a 
purely  clinical  nature,  as  retroversions  of  the  uterus,  etc., 
have  been  eliminated  in  order  to  bring  the  classification  in 
accord  with  that  of  this  paper. 

In  a  more  recent  publication,  Daniels^  in  124  cases  found 
pathologic  lesions  in  the  appendages  or  their  immediate  neigh- 
borhood in  seventy-two;  in  seventy  cases  of  complicated 
fibromyomata,  lesions  were  confined  to  the  ovary  in  twenty- 
eight,  to  the  tubes  in  twelve,  and  involving  both  in  thirty. 

Marscher*  in  twenty-two  cases  of  myomata  found  ectopic 
pregnancy  in  one  and  suppurative  diseases  of  the  appendages 
in  four. 

Bond^  reports  fifty  cases,  in  which  eight  had  tubal  disease, 
which  he  claims  was  due  mainly  to  infection  from  miscarriage. 
Hunner^*^  in  a  series  of  100  consecutive  cases  occurring  in 
Kelly's  service  found  pyosalpinx  or  tubo-ovarian  abscess  in  six 
cases,  hydrosalpinx  or  perisalpingitis  in  fifteen  cases  and  ovarian 
cysts  in  nine  cases.  There  was  found  in  association  malig- 
nant disease  in  seven  cases;  sarcoma  in  two,  adenocarcinoma  of 
the  fundus  in  three,  and  squamous  carcinoma  of  cervix  in  two. 
Other  writers  have  reported  smaller  series  of  cases  or  series 
devoted  to  one  complication  as  appendicitis"  or  salpingitis". 
As  these  reports  do  not  include  all  complications  they  have 
not  been  quoted. 

From  this  summary  it  will  be  seen  that  the  complications 
of  fibromyomata  are  many  and  varied.  It  will  be  noted  that 
tubal  complications  form  a  very  large  percentage  in  Daniel's 
series,  while  in  the  combined  series  they  are  not  prominent; 
also  in  the  latter  series  pyosalpinx  is  numerically  greater  than 
salpingitis.     This  may,  I  think,  be  explained  by  the  fact  that 
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the  earlier  writers  did  not  have  a  complete  microscopic 
examination  of  the  condition  of  the  tubes.  Frederick  men- 
tions cystic  ovaries  which  occurred  in  about  fourteen  per  cent 
of  his  cases.  Mary  Scharlieb  estimates  ovarian  cysts  and 
cystic  ovaries  together  as  twenty-three  per  cent 

In  regard  to  associated  malignant  tumors  in  the  combined 
series,  carcinoma  occupies  a  relatively  high  place.  No  dis- 
tinction is  made  between  "sarcomatous  degeneration"  of  a 
myoma  and  of  sarcoma  associated  with  myoma  except  in 
Martin's  paper.  Of  the  more  recent  pubUcations  on  sarcoma- 
tous degeneration  of  fibroids,  Baker  and  Graves*'  publish  thirty- 
three  cases  of  fibroid  tumors,  in  which  three  were  sarcomatous. 
The  percentage  is  truly  large;  but  this  is  similar  to  the  find- 
ings of  Ulesko-Stroganowa,**  who  reported  before  the  Russian 
Society  for  Obstetrics  and  Gynecology,  March  22,  1902,  100 
cases  of  fibromata  with  ten  cases  of  malignant  degeneration. 
From  the  description  these  are  evidently  divided  into  two 
groups,  leiomyoma  malignum  and  true  sarcoma.  It  is  not 
quite  clear  what  is  meant  by  the  former.  In  the  discussion 
which  followed,  her  views  were  generally  opposed.  From 
the  abstract  of  her  paper  it  is  impossible  to  say  how  many  of 
these  were  really  sarcomatous. 

Tate^  and  Bertha  Van  Hoosen"  each  report  a  case  of 
sarcomatous  degeneration  of  fibromyoma,  which  will  be 
referred  to  later  under  the  special  heading. 

From  these  papers  it  will  be  seen  that  ''sarcomatous 
degeneration,"  while  not  common,  is  sufficiently  so  to  merit 
further  study;  first,  in  regard  to  its  frequency,  and  second, 
as  to  whether  it  is  a  true  transformation  of  a  myoma  or 
merely  an  associated  but  independent  growth. 

MATERIAL 

The  material  on  which  this  study  is  based*  represents 
seven  years*  service  of  a  general  hospital  (Albany  Hospital), 
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and  includes  all  myomata  removed  during  that  time.  Com- 
plete gross  and  microscopic  examinations  have  been  made  in 
all  cases.  The  series  also  includes  26  cases  in  which 
myomata  were  found  at  autopsy. 

Summary  09  280  Cases  of  Fibromyomata. 

Character: — 

Single no 

Multiple  170 

Small    79 

Medium  59 

Large   t 99 

Very  large  43 

Subserous   67 

Interstitial  8$ 

Submucous   23 

Combined    105 

Degenerations — 

Slight  hyaline  18 

Moderate  h3raline  32 

Marked  hyaline   19 

Hyaline  and  calcareous  8 

Calcareous    14 

Calcareous,  necrotic,  hemorrhagic 2 

Cystic   8 

Myxomatous    4 

Hemorrhagic    6 

Necrotic    4 

Necrotic  and  hyaline 3 

Necrotic,  cystic,  infected  i 

Adenomyoma  6 

Associated  with  adenocarcinoma 6 

Associated  with  squamous  cell  carcinoma  of  cervix 2 

Sarcoma    3 

Dedduoma  malignum  i 

Complications — 

Ovarian  cysts  15 

Parovarian  cysts   2 

Cystic  degeneration  of  ovaries 55 

Tubo-ovarian  cyst  i 

Calcification  of  ovary  i 

0^^arian  fibroma  2 
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Ovarian  carcinoina   2 

Salpingitis  •. 38 

Salpingitis  and  hydrosalpinx 3 

Salpingitis  and  tnbo-ovarian  abscesses 3 

Pyosalpinx    5 

Pyosalpinx  and  tubo-ovarian  abscesses 2 

Extra  uterine  pregnancy,  salpingitis  and  hydrosalpinx i 

Hydrosalpinx  6 

Hydrosalpinx  and  tnbo-ovarian  abscess i 

Autopsies — 

Total  number  26 

Deaths  due  to  tumor 2 

PATHOLOGY 

Character. — All  these  variations  in  fibroid  tumors  are  fa- 
miliar to  operators  and  pathologists.  '*  Multiple"  in  this 
series  is  taken  to  mean  more  than  one  tumor.  The  division 
as  to  size  has  been  based  on  the  following  scale:  Small,  up 
to  four  centimetres;  medium,  four  to  eight  centimetres; 
large,  eight  to  sixteen  centimetres;  very  large,  above  six- 
teen centimetres  in  diameter.  In  multiple  tumors  the 
diameter  of  the  largest  tumor  was  taken  as  the  determining 
factor.  The  largest  tumor  noted  weighed  ninety  pounds,  and 
measured  roughly  50x40x20  centimetres.  The  tumor  was  sin- 
gle, showed  considerable  necrosis  and  calcareous  degeneration, 
and  caused  pressure  symptoms  which  brought  on  the  death 
of  the  patient.  It  was  removed  postmortem.  Several  other 
tumors  were  noted  between  forty  and  fifty  pounds.  It  will 
be  noted  that  142  tumors  measured  more  than  eight  centi- 
metres in  diameter. 

The  analysis  as  regards  position  was  not  easy,  as  it  is  not 
always  plain  into  which  of  the  classes  a  tumor  should  go.  I 
regret  that  there  is  excluded  a  most  important  class  of  broad 
ligament  fibromyomata,  of  which  the  data  at  hand  would  not 
allow  a  proper  estimation. 

By  "combined"  is  meant  multiple  tumors,  one  each  of 
which  may  be  classed  in  one  of    the    divisions.     Thus    it    is 
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seen  that  there  are  sixty-five  multiple  tumors  which  fall  into 
one  class  (always  interstitial  or  subserous),  and  105  multiple 
which  fall  into  at  least  two  classes. 

In  one  case  of  multiple  fibromyomata  a  medium-sized 
fibroid  had  become  detached  from  its  pedicle  and  lay  retro- 
peritoneally,  being  nourished  by  the  mesenteric  vessels.  Simi- 
lar cases  have  been  reported  by  Alban  Doran"  and    others." 

The  comparative  infrequency  of  submucous  myomata  is 
noticeable. 

Simple  Degenerations. — In  tumors  of  such  size  (142  above  8 
centimetres  diameter)  it  is  remarkable  that  a  large  number 
with  degeneration,  particularly  with  hyaline  degeneration, 
was  not  met  with.  The  combination  of  hyaline  and  calcare- 
ous degeneration  in  eight  cases  is  of  interest.  It  would  seem 
that  the  tendency  of  these  tumors  is  to  undergo  progres- 
sive hyaline  change  going  on  to  calcareous  degeneration. 

The  twenty-three  examples  of  calcareous  degeneration 
existed  in  old  women,  but  one  being  below  fifty.  These 
varied  in  consistence  from  those  of  the  "Wombstone"  type, 
ten  centimetres  across,  to  those  with  discrete,  moderate 
calcareous  deposits. 

In  the  consideration  of  cystic  degeneration,  as  Alban 
Doran"  shows,  a  distinction  should  be  made  between  true 
cystic  degeneration  and  necrosis  going  on  to  cavity  forma- 
tion. In  this  series,  however,  his  standard  of  judgment  that 
a  "fibroid  is  not  truly  cystic  unless  it  includes  a  cavity  con- 
taining half  a  pint  of  fluid,"  has  not  been  adhered  to,  but 
tumors  with  smaller  cavities  have  been  judged  as  truly  cystic. 
There  were  no  cysts  of  large  size  found,  the  largest  containing 
approximately  1,000  cubic  centimetres  of  fluid.  Cystic 
degeneration  is  more  especially  interesting  from  the  fact  that 
of  Graves'  four  cases  of  cystic  degeneration  three  were  sarco- 
matous, evidently  a  necrosis  going  on  to  cyst  formation. 
Mary  Scharlieb's  series  shows  six  cases  of  sarcomatous 
degeneration,  and  of  these  three  were  cystic. 
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Necrosis  and  InflammattofL — All  stages  of  inflammation 
and  necrosis  were  noted.  Necrosis  occurred  mainly  in  large 
subserous  tumors,  and  was  evidenced,  on  section,  by  brownish- 
yellow  areas.  There  was  usually  considerable  associated 
edema.  In  four  cases  this  went  on  to  liquefaction  of  the  cen- 
tral area.  It  is  interesting  to  note  in  regard  to  the  possibility 
of  infection  that  two  cases  were  associated  with  salpingitis  and 
two  with  hydrosalpinx.  One  large  submucous  tumor  with 
multiple  interstitial  nodules  was  necrotic  and  sloughing.  In 
all  cases  of  sarcomatous  degeneration,  hemorrhage  and 
necrosis  were  noted. 

Adenomyoma, — The  percentage  of  these  tumors  is  about 
that  usually  found.  They  offered  in  this  series  nothing 
of  special  remark  in  the  gross  appearance.  One  showed 
marked  hyaUne  change  and  one  calcareous  degeneration. 

Malignant  Changes. — Sarcomatous  degeneration  was  found 
in  three  cases.  There  was  no  definite  appearance  by 
which  these  sarcomatous  changes  could  be  recognized.  The 
main  characteristics  were  necrosis,  with  broken-down  areas 
and  discolored  spots  from  recent  and  old  hemorrhages.  A 
yellowish- white  glistening  growth  could  be  distinguished  in 
one  case  infiltrating  the  muscle  and  surrounding  the  necrotic 
areas.  During  the  period  from  which  these  reports  were 
taken  six  cases  of  sarcoma  of  the  uterus  occurred,  in  addition 
to  these  three  cases  of  sarcomatous  degeneration  of  uterine 
fibroids. 

In  case  one  it  was  possible  to  make  a  diagnosis  in  the 
gross  specimen,  as  the  disease  had  infiltrated  the  uterine 
tissue  and  gave  a  semi-necrotic  appearance  with  irregular, 
hemorrhagic,  pinkish  areas  devoid  of  fibrous  arrangement, 
and  a  shell  of  malignant  tissue  infiltrating  the  tumor. 

Cases  two  and  three  were  also  necrotic,  soft  and  friable, 
and  in  the  macroscopic  examination  were  taken  for  necrotic 
fibroids. 

Chorio-epithelioma   infiltrated  one  case   of  fibroid  tumor. 
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This  is,  so  far  as  is  known,  the  first  authentic  instance  of 
such  invasion  reported.  Complete  reports  of  these  four 
specimens  from  the  records  of  the  Bender  Laboratory  follow : 

Casb  I. — Mrs.  M.  N.  Specimen  consists  of  uterus  with  tubes  and  ovaries. 
One  tube  and  ovary  are  separate  from  the  rest  of  the  specimen,  the  tube 
having  been  amputated  at  the  junction  with  the  uterus. 

Uterus.— The  uterus  is  greatly  enlarged  and  measures  19  cm.  long  and 
about  14  cm.  in  diameter.  Except  for  an  irregular  area  about  7  cm.  in 
diameter  corresponding  to  the  fundus,  the  peritoneal  surface  is  everywhere 
covered  with  firm  adhesions.  Near  the  superior  surface  of  the  fundus  are 
two  globular  tumor  masses  the  size  of  a  cherry,  which  are  attached  to  the 
body  of  the  uterus  by  a  slender  pedicle  of  peritoneum  and  fibrous  connective 
tissue.  Near  the  above  tumor  can  be  seen  a  pea-sized  submucous  tumor 
similar  to  the  above.  On  section  these  tumors  are  pearly  white  with  fine 
whorls  of  connective  tissue.  Adjacent  to  the  origin  of  the  attached  tube 
projects  a  tumor  mass  about  3^  cm.  in  diameter  which  is  soft  and  on 
section  shows  a  thin  capsule  with  central  contents  similar  to  that  of  the 
cavity  of  the  uterus.  On  section  the  cavity  of  the  uterus  is  found  to  be 
filled  with  a  necrotic  mass,  the  core  of  which  is  the  size  of  an  orange, 
and  of  a  pinkish,  yellow  color  with  the  consistency  of  liver  tissue.  This 
central  mass  shows  whorl-like  markings  suggesting  the  cross-section  of  a 
large  fibromyoma.  Extending  from  the  central  core  and  infiltrating  into 
the  muscular  coat  is  a  stratum  of  extremely  friable  tissue  from  2  to  4  cm. 
in  thickness.  This  stratum  is  throughout  semi-necrotic  and  shows  ir- 
regular hemorrhagic  areas,  while  at  the  outer  border  is  an  irregular  zone 
which  on  section  presents  a  jelly-like  whitish  glistening  surface.  The 
muscular  coat  of  the  uterus  is  under  considerable  tension,  retracting 
rapidly  when  cut.  This  muscular  coat  has  an  average  thickness  of  about 
5  mm.,  but  in  many  places  is  not  over  2  mm.  in  thickness.  The  boundary 
between  the  muscular  and  semi-necrotic  mass  is  nowhere  sharply  drawn, 
so  that  the  muscular  coat  appears  to  be  infiltrated  by  the  mass  lying 
beneath  it  Near  the  fundus  of  the  uterus,  the  muscular  wall  is  much 
thicker  than  elsewhere.  On  section  there  is  disclosed  a  definitely  encap- 
sulated tumor  mass  the  size  of  a  hen's  egg  which  readily  separates  from 
the  capsule  and  presents  on  section  a  soft,  dark  red,  irregularly  mottled 
surface.  It  is  connected  by  a  broad  isthmus  to  the  mass  occupying  the 
cavity  of  the  uterus. 

TMbfs^-^Tht  attached  tube  is  markedly  congested,  but  otherwise  appar- 
ently normal.    Opposite  tube  is  the  same. 


10 


Digitized  by  VjOOQ IC 


Ovaries, — ^The  attached  ovary  is  cystic  throughout,  having  numerous 
cysts  ranging  from  the  size  of  a  pigeon's  egg  to  that  of  a  pea,  the  sub- 
stance of  the  ovary  being  crowded  to  one  side.  Opposite  ovary  shows 
very  many  cysts  ranging  from  2  to  10  cm.  in  diameter.  These  cysts  con- 
tain dear  straw-colored  fluid. 

Anatomic  Diagnosis, — Sarcoma  of  uterus  with  necrosis  and  hemorrhage. 

Microscopic  Description. — ^Tissues,  uterine  wall,  ovary,  polypoid  tumor 
described  in  gross  description.  Uterine  wall:  Sections  taken  through 
porticm  described  as  capsule  in  gross  description  show  smooth  muscle 
infiltrated  with  masses  of  spindle-shaped  cells  having  large  clear  staining 
vesicular  nudei  and  little  protoplasm.  Among  these  cells  are  seen  large 
irregular  cells,  the  nuclei  of  which  have  a  lobulated  outline.  Indistinct 
mitotic  figures  are  seen  in  some  of  the  cells.  These  cells  have  an  utterly 
lawless  arrangement,  and  deeper  in  the  sections  they  form  a  continuous 
mass  containing  numerous  thin  walled  blood  vessels.  Many  of  the  sections 
show  hemorrhagic  areas  with  red  blood  corpuscles  in  various  stages  of 
degeneration.    Some  sections  show  simply  masses  of  necrotic  cells. 

Polypoid  Tumor, — Body  of  tumor  shows  smooth  muscle  largdy  replaced 
by  fibrous  tissue,  while  the  pedide  of  the  tumor  is  seen  to  be  infiltrated 
with  cdls  similar  to  those  described  in  tumor  of  the  uterine  wall. 

Ovary, — Shows  large  follicular  cysts  and  corpora  lutea  undergoing 
organization. 

Microscopic  Diagnosis. — ^Uterus  with  fibromyomata  invaded  by  spindle- 
cdled  sarcoma;   necrosis;   hemorrhage;   follicular  cysts  of  ovary. 

Cass  2. — ^Miss  S.  A.  T.  Spedmen  consists  of  an  irregular  mass  of  tissue 
composed  of  uterus  and  appendages  and  measures  18x13x7  cm.  At 
one  portion  is  attached  a  normal  Fallopian  tube,  which  measures  11  cm. 
in  length,  and  an  ovary  1x2x2^  cm.  which  has  undergone  fibrous 
change.  On  section  the  irregular  surface  of  the  mass  is  found  to  be 
due  to  the  presence  of  large,  roughly  spherical  tumors,  varying  in  size 
from  2  to  II  cm.  in  diameter.  The  original  form  of  the  uterus  can  not 
be  made  out  The  cavity  of  the  uterus  is  pale  and  covered  with  a  some- 
what sticky  secretion.  The  tumor  masses  which  lie  in  the  m3rometrium, 
on  section,  have  the  characteristic  appearance  of  myomata;  one  of  the 
large  tumor  masses  has  undergone  degeneration,  is  soft  and  friable,  and 
contains  a  considerable  amount  of  blood.  Immediately  beneath  the  serous 
coat  are  a  number  of  small  pedunculated  tumor  masses  which  average 
I  CQL  in  diameter.    On  section  these  are  similar  to  the  large  tumor  masses. 


II 


Digitized  by  VjOOQ IC 


Anatomic  Diagnosis. — ^Multiple  interstitial  and  subserous  myofibromata 
of  the  uterus.    Normal  Fallopian  tube.    Fibroid  ovary. 

Microscopic  Description, — In  places  a  definite  picture  of  fibromyoma 
may  be  seen.  Adjacent  to  such  areas  and  difiFerentiated  from  it  only  by 
the  difiFerence  of  structure  are  areas  of  typical  spindle-celled  sarcoma. 
The  sarcomatous  tissue  is  extensively  necrotic,  the  necrosis  in  places  being 
universal,  and  in  other  places  sparing  the  cells  immediately  about  the 
vascular  channels.  The  necrotic  areas  are  infiltrated  with  leucocytes. 
Necrosis  is  seen  as  well  in  the  myomatous  portion,  but  is  not  so  prominent 

Microscopic  Diagnosis, — Fibromyoma  invaded  by  spindle-celled  sarcoma. 

Case  3. — Mrs.  S.  £.  Specimen  consists  of  about  twenty-five  separate 
pieces,  which  in  aggregate  make  a  mass  about  the  size  of  a  man's  hand. 
One  large  globular  mass  measuring  about  18  cm.  in  diameter  makes 
up  the  bulk  of  the  specimen.  This  mass  presents  a  convex  smooth  sur- 
face covering  about  three-fifths  of  the  mass.  This  surface  is  smooth, 
pale  pink  in  color,  part  of  surface  being  glistening  and  part  of  it  show- 
ing firm,  blood-stained  connective  tissue  bands.  The  remaining  periphery 
of  this  mass  is  exceedingly  irregular  and  consists  of  various  sized  strips 
of  tissue  which  are  soft,  friable  and  deeply  stained  and  show  numerous 
large  blood  vessels.  The  contents  of  many  of  the  blood  vessels  consist 
of  a  firm  coagulum.  These  shaggy  strips  af  e  distinctly  necrotic  and  are 
tmdoubtedly  further  represented  by  the  numerous  small  pieces  of  semi- 
necrotic  material  which  go  to  make  up  the  remainder  of  the  specimen. 
The  comparatively  smooth  surface  of  this  mass  is  irregularly  lobulated 
and  shows  beneath  the  surface  a  number  of  small  cysts  filled  with  clear 
amber-colored  fluid,  also  numerous  pea-sized  to  cherry-sized  spherical 
tumor  masses,  some  of  which  present  on  cross-section  a  pearly  white 
glistening  surface  with  a  whorl-like  arrangement  of  the  tissue  elements. 
On  section  of  the  large  tumor  mass,  the  cut  surface  presents  a  thin  cortex 
varying  from  2  to  10  cm.  in  thickness  composed  of  a  firm,  pinkish-white 
tissue  beneath  which  is  a  whitish,  coarsely  granular  surface  showing 
the  remains  of  numerous  small  cysts,  most  of  which  are  filled  with  a 
blood-stained  fluid.  As  one  gets  further  away  from  smooth  surface  the 
secton  becomes  considerably  blood  stained  and  takes  on  a  yellowish 
necrotic  look  and  the  cysts  become  larger  in  size  until  finally  the  semi- 
necrotic  shredded  mass  described  above  is  reached.  The  small  pieces 
accompanying  this  specimen  consists  of  stringy  masses  of  distinctly 
necrotic  tissue  similar  in  character  to  that  described  as  occurring  in  the 
center  of  the  large  tumor  mass.    One  of  the  larger  pieces  accompanying 
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the  specimen  is  thin,  averaging  about  i  cm.  in  thickness,  and  has  on  its 
smooth  side  considerable  adipose  tissue  and  resembles  in  consistency,  on 
cross-section,  the  firm  tissue  described  as  forming  the  capsule  in  the  main 
tumor  mass.    No  evidence  of  tubes  and  ovaries. 
Anatomic  Diagnosis. — Degenerated  myoma  of  uterus. 

Microscopic  Description. — Sections  through  portion  described  as  capsule 
of  large  tumor  show  thin  layer  of  smooth  muscle  tissue  with  invading 
masses  of  medium-sized  cells  having  rather  darkly  staining  oval  or  spindle- 
shaped  nuclei  and  little  protoplasm.  Many  irregular  mitotic  figures  are  seen 
among  these  cells.  The  deeper,  softer  portions  of  the  tumor  are  seen  to 
be  composed  of  solid  masses  of  these  cells.  Numerous  thin-walled  blood 
vessels  are  seen  in  the  cell  masses.  No  evidences  of  necrosis  are  seen. 
Many  blood  vessels  at  the  periphery  of  the  tumor  are  completely  plugged 
with  the  ttunor  cells.  Sections  through  nodular  masses  at  surface  of 
tumor  show  smooth  muscle  tissue  rich  in  cells  and  a  moderate  amount  of 
fibrous  tissue. 

Microscopic  Diagnosis. — Myoma  of  uterus  invaded  by  spindle-celled 
sarcoma. 

Cass  4. — Mrs.  C.  R.  Specimen  consists  of  an  enlarged  uterus  measuring 
11x6x5  cm.  Peritoneal  surface  is  smooth.  The  walls  are  for  the  most 
part  normal.  At  one  point  there  is  a  typical  myoma  one  centimeter  in 
diameter,  with  a  hemorrhagic  center.  Springing  from  the  mucous  mem- 
brane are  a  number  of  cauliflower-like  excrescences  over  areas  vary- 
ing from  I  to  2  cm.  in  diameter.  These  project  .5  cm.  above  the  surface 
of  the  mucoso,  some  of  them  ulcerated,  covered  by  little  papillary  pro- 
jections and  distinctly  hemorrhagic  On  section  they  appear  to  be  part  of 
the  new  growth  which  extends  down  into  the  uterine  musculature.  This 
growth  is  for  the  most  part  distinctly  hemorrhagic,  though  in  one  or  two 
places  of  a  homogenous  white  color.  In  the  uterine  musculature  of  the 
fundus  is  a  small  cavity,  about  a  centimeter  in  diameter,  into  which  pro- 
jects a  number  of  pinhead-sized,  congested,  papillary  excrescences. 

Anatomic  Diagnosis. — ^Adenocarcinoma  of  the  uterus  (?).  Small  inter- 
stitial myoma. 

Microscopic  Description. — Section  presents  a  small  piece  of  typical  fibro- 
myoma,  at  one  side  of  which  is  a  large  hemorrhagic  mass.  The  line  of 
separation  from  blood  clot  is  not  distinct  The  adjacent  portion  of  tumor 
shows  some  lymphocytic  infiltration.  This  hemorrhagic  mass  shows 
throughout  some  necrotic  tissue  with  irregular  strands  and  masses  of 
syncytial  tissue  composed  of  cells  with  a  large  amount  of  protoplasm  and 
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large  deeply  staining  nuclei.  The  outlines  of  these  cells  are  not  always 
distinct  owing  to  the  fusing  of  their  protoplasm.  The  syncytial  cells  are 
found  everywhere  in  the  midst  of  hemorrhage.  The  necrotic  tissue  is 
moderately  infiltrated  with  leucocytes.  The  nuclei  of  the  large  cells  are 
often  irregularly  stained,  sometimes  are  so  arranged  as  to  give  the  appear- 
ance of  giant  cells.  These  masses  are  in  direct  continuity  with  the  myoma; 
in  several  places  a  distinct  invasion  is  evident. 

Microscopic   Diagnosis. — ^Fibromyoma   of   the    uterus    infiltrated    with 
chorio-epitheloma. 

Relation  to  Cancer. — Adenocarcinoma  of  the  fundus  was 
associated  with  fibroid  tumor  in  six  cases;  in  two  of 
which  the  fibroid  was  infiltrated  by  the  carcinomatous  tissue. 

In  five  of  these  cases  the  uterus  was  the  host  of  interstitial 
fibroids  of  small  or  medium  size.  When  the  relative 
frequency  of  adenocarcinoma  and  squamous  cell  carcinoma 
is  considered  it  will  be  seen  that  we  have  here  a  much  higher 
percentage  of  adenocarcinoma  than  is  found  in  the  usual  run 
of  cancer  cases  complicated  and  uncomplicated  by  fibroids. 
This  agrees  with  Martin's  estimation. 

Squamous  cell  carcinoma  of  the  cervix  occurred  in  two 
cases.  In  both  cases  the  fibromata  were  interstitial  and  very 
small. 

In  view  of  the  relative  frequency  of  adenocarcinoma  and 
fibromata  of  the  uterus,  it  would  seem  that  the  association 
of  the  two  are  worthy  of  consideration.  If  the  percentage 
of  fibroids  at  autopsies,  14.8  per  cent,  {v,  infra\  be  taken  as 
an  approximate  ratio  of  their  occurrence,  it  seems  at  least 
that  while  the  association  of  squamous  carcinoma  with 
fibroids  is  accidental,  the  occurrence  of  adenocarcinoma  may 
be  more  or  less  influenced  by  the  presence  of  fibroid  tumors. 
In  this  connection  statistics  compiled  from  the  records  of 
institutions  having  large  series  of  cases  and  autopsy  reports 
would  be  of  value. 

Complications.  —  Ovarian  cysts  occurred  in  thirteen 
cases  and  varied  in  size  from  six  to  twelve  cm.    in    diameter; 
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but  one  was  of  the  papillomatous  type.  Seven  of  these 
cases  were  additionally  complicated  by  salpingitis. 

The  two  parovarian  cysts  were  of  moderate  size,  about  six 
to  eight  centimetres  in  diameter.  One  tubo-ovarian  cyst 
existed,  and  was  of  moderate  size. 

The  ovarian  fibromata  measured  8x7x4.5  and  20x11x10 
centimetres,  respectively.  The  latter  was  associated  with 
a  very  small  interstitial  fibroma  of  the  uterus.  Of  the  two 
cases  of  carcinoma  of  the  ovary,  one  was  bilateral,  and  in  both 
instances  the  growths  were  due  to  metastases  from  a  tumor 
of  the  breast. 

Cystic  ovaries  (one  or  both)  in  fifty-five  cases  (twenty  per 
cent)  may  seem  to  be  a  large  percentage,  but  compares  very 
closely  with  Scharlieb's*  estiipation  of  this  complication. 
These  are  due,  it  is  thought,  to  the  undue  thickness  or 
toughness  of  the  ovarian  boundaries.  There  is  in  almost  all 
these  ovaries  an  increase  in  the  amount  of  fibrous  tissue. 

Tubal  Complications.. — The  tubes  were  diseased  in  sixty 
cases;  of  these  thirty-eight  were  salpingitis  alone.  In  several 
cases  the  gross  change  was  slight  and  the  diagnosis  made 
microscopically.  In  twelve  cases  there  was  pus  in  the 
appendages  in  the  form  of  pyosalpinx  or  tubo-ovarian  abscess. 
There  were  also  eleven  cases  of  hydrosalpinx,  of  which  five 
were  additionally  complicated  by  salpingitis,  tubo-ovarian 
abscess  or  ectopic  pregnancy.  One  case  combines  all  three — 
ectopic  pregnancy,  salpingitis  and  hydrosalpinx. 

It  will  thus  be  seen  that  the  ovaries,  tubes  and  adjacent 
neighborhood  were  diseased  in  a  large  number  of  cases. 
Alban  Doran  states  that  his  experience  is  more  like  that  of 
Cullingworth,  who  found  no  disease  in  the  appendages  save 
five  cases  of  hydrosalpinx  in  100  fibroids.  Lawson  Tate  and 
^Twambly,***  on  the  other  hand,  imply  that  this  condition  exists 
in  fifty  per  cent  of  all  cases  of  fibroids.  Daniels  found 
disease  of  the  appendages  in  fifty-eight  per  cent  of  his  cases. 
In  this  series  (including  fifty-five  cases  of  cystic  ovaries)  the 
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appendages  showed  disease  in  137  cases,  or  forty-nine  per 
cent  In  addition  to  these  cases  there  were  many  cases  in 
which  the  remains  of  adhesions  were  noted,  but  as  it  was 
obviously  impossible  to  estimate  this  with  exactness,  without 
description  of  the  appearance  in  situ  at  the  time  of  operation 
this  complication  has  not  been  noted. 

Myomata  in  Routine  Autopsy  Work, — On  examination  the 
records  (Bender  Laboratory)  of  autopsies  on  women  show 
that  fibromyoma  of  the  uterus  was  found  in  twenty-six.  In 
two  cases  apparently  death*  was  indirectly  caused  by  the 
tumor.  To  what  extent  the  inter-current  disease,  which  was 
the  cause  of  death  in  other  cases,  was  hastened  in  its  course 
by  the  associated  fibroids,  can  not  be  deducted.  The  tumors 
were  large  in  three  (greater  than  eight  centimetres  diameter); 
small  in  twenty  cases  (less  than  four  centimetres  diameter),  of 
these  last  ten  were  single  and  ten  multiple.  The  age  at  which 
these  patients  died  in  decennial  periods  were  as  follows :  Under 
thirty-five,  three;  between  thirty-five  and  forty-five,  six; 
between  forty-five  and  fifty-five,  six;  between  fifty-five  and 
sixty-five,  six;  between  sixty-five  and  seventy-five,  four; 
above  seventy-five,  one.  The  youngest  was  twenty-eight; 
the  eldest  seventy-eight.  The  influence  of  the  tumor  was 
apparent  in  one  case  in  which  death  was  due  to  anemia  and 
nephritis;  a  large  submucous  tumor  by  pressure  had  caused 
hydroureter  and  uterine  hemorrhages.  In  a  second  case  a 
large  fibroid  tumor  of  ninety  pounds  by  pressure  had  caused 
hydroureter  and  venous  congestion  with  edema  of  the  lungs. 
In  this  case  the  weight  of  the  woman,  less  the  tumor,  was 
sixty-five  pounds.  The  other  cases,  which  were  probably 
influenced  by  the  fibroid  tumor,  are  deaths  from  pyonephrosis, 
pyelitis,  rupture  of  bladder  and  acute  peritonitis.  Bishop** 
has  collected  thirty-seven  fatal  cases  of  fibromyomata. 

Of  the  twenty  small  tumors,  one  was  complicated  by  tubo- 
ovarian  cyst  and  hydrosalpinx.  Four  were  associated  with 
adhesions,  and  one  with  carcinoma  of  the  ovary  secondary  to 
mammary  cancer. 
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Of  the  medium  sized  tumors,  of  which  there  were  three 
one  was  associated  with  bilateral  pyosalpinz  which  had  caused 
a  general  peritonitis.     The  tumors  in  this  case  were  three   in 
number  and  interstitial. 

The  total  number  of  autopsies  done  on  women  over  twenty 
years  of  age,  during  the  seven  years  in  which  these  autopsy 
reports  were  collected,  amounted  to  175.  So  that  of  all  adult 
women  coming  to  autopsy,  14.8  per  cent ,  or  one  in  every 
seven,  had  uterine  fibroids.  From  this  it  may  be  seen  that 
small  fibroids  of  the  uterus  may  cause  little  or  no  disturbance, 
and  that  many  of  these  tumors  cause  no  symptoms  and  are 
not  discoverable  during  life.  The  danger  of  these  growths, 
apart  from  submucous  tumors,  is  due  to  their  complications, 
and  while  these  may  not  always  endanger  life,  it  is  evident 
that  they  frequently  cause  sufficient  disturbance  to  produce 
alterations  in  the  surrounding  tissues,  as  is  shown  by  the 
presence  of  adhesions,  etc 

RELATION    OF     PATHOLOGIC    CHANGES    TO    TREATMEirr. 

In  conclusion,  what  deductions  can  be  drawn  from  this 
series?  So  much  has  been  written  by  men  of  wider  experience 
that  it  would  be  a  work  of  supererogation  to  add  to  their 
well-debated  advice.  But  there  are  a  few  questions  to  be 
considered : 

First,  in  regard  to  the  advice  we  must  give  to  a  patient 
suffering  from  fibroid.  It  is  well  understood  that  the  opera- 
tion for  fibroids,  in  the  hands  of  capable  operators,  is  in 
uncomplicated  cases  practically  devoid  of  danger.  It  is  to 
complications  and  degenerations  that  mortality  in  fibroid 
tumors  is  due,  as  we  know  from  experience  and  from  pub- 
lished reports.  Delay  in  an  uncomplicated  fibroid  exposes 
the  patient  to  the  possibility  of  the  development  of  compli- 
cations. And  with  the  large  percentage  of  complications  in 
this  series  it  is  evident  that  with  delay  the  liability  to  com- 
plication is  increased.  While  this  is  so,  it  is  evident  that 
there  is  one  class  of  fibroids   which    may    cause    few   or    no 
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symptoms,  viz.,  the  small  subserous  and  interstitial  tumors. 
We  may,  therefore,  say  that  delay  is  justifiable  only  in  these 
latter  cases  and  not  justifiable  in  even  these  when  complica- 
tions exist 

In  reference  to  the  extent  of  operation,  while  it  is  obvious 
that  myomectomy  is  the  ideal  operation,  there  is  no  doubt 
that  it  is  only  applicable  to  a  small  class  of  cases — those  in 
which  the  tumors  are  easily  accessible  and  in  which  it  is 
possible  to  eradicate  them  completely.  If  eradication  is  not 
complete,  there  is  the  possibility  of  renewed  growth,  and 
should  pregnancy  occur,  with  its  increased  blood  supply,  this 
possibility  is  the  greater.  This  should  be  kept  in  mind,  as 
those  cases  in  which  myomectomy  is  desirable  are  usually 
childless  women. 

It  is  at  present  accepted  that  the  operation  of  supravaginal 
hysteromyomectomy**  is  accompanied  by  the  lowest  mor- 
tality*^. But  this  operation  is  obviously  not  applicable  to 
those  cases  with  malignant  degeneration  and  associated  with 
malignant  disease  of  the  uterus.  Such  cases  demand  com- 
plete extirpation  of  the  cervix.  Should,  however,  the  com- 
monly accepted  operation  of  supravaginal  hysteromyomectomy 
be  attempted,  and  on  opening  the  uterus  adenocarcinoma  or 
suspicious  necrotic  change  be  seen,  the  cervix  may  be 
removed  and  a  complete  ablation  done.^ 

Adenocarcinoma  and  sarcoma  are  the  forms  of  malignancy 
which,  in  connection  with  fibroids,  are  most  likely  to  come  to 
operation  unrecognized.  If,  however,  the  case  be  uncompli- 
cated by  malignancy,  the  choice  must  lie  between  amputation 
through  the  cervix  and  myomectomy.  It  is  rarely  advisable 
to  do  myomectomy  when  the  appendages  are  adherent  or  in 
the  presence  of  old  or  recent  infection.  The  site  of  enuclea- 
tion may  become  the  starting  point  of  a  peritonitis.**  In  view 
of  the  large  percentage  (21.4)  of  diseased  tubes,  it  is  evident 
that  myomectomy  is  limited  to  a  small  class  of  cases. 

Should  amputation  through  the  cervix  be  the  operation  of 
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choice,  one  or  both  ovaries  may  be  left  to  ameliorate  the 
symptoms  of  the  surgical  menopause.  In  such  cases  not  only 
must  the  question  of  infection  from  the  tubes  be  considered, 
but  also  the  condition  of  the  ovary.  In  a  large  percentage 
of  this  series  cystic  ovaries  were  found.  A  cystic  ovary 
should  not  be  left;  if  necessary,  resection  may  be  done  and 
the  cysts  removed. 

CONCLUSIONS 

First.  Fibroids  which  are  producing  symptoms,  and  all 
fibroids  except  those  designated  as  small  (especially  when 
subserous  or  intramural),  should  be  removed,  because  the  risk 
to  the  patient  from  operation  is  far  less  than  that  from  the 
tiunors  themselves. 

Second.  In  view  of  the  sarcomatous  changes,  carcinoma- 
tous associations  and  complications  of  uterine  fibromyomata, 
early  removal  is  indicated  when  they  are  of  sufficient  size  to 
produce  symptoms.  Small  uncomplicated  tumors  not  pro- 
ducing symptoms  do  not  require  early  treatment 

Third.  Thorough  pathologic  examination  should  be  made 
of  all  fibroids  for  evidence  of  malignancy.  Particular  study 
should  be  devoted  to  those  tumors  which  are  necrotic,  cystic 
or  both,  as  among  these  are  found  the  largest  proportion  of 
malignant  changes. 

Rbferxncis 

1.    Maxtdt.  A.!    OmiriMlaU/iirGvnditologit.ms,p.Sn, 

8.  NoBLB,  Chablm  p.:  The  Complleatioiis  and  Degenentions  of  Fibroid  Tnmora  of  the 
Uteras  M  Beerlng  on  the  Tiestment  of  Theee  Growths,  BriUsh  G^nse.  J<mr.,  1001,  toL  xvil,  p. 
170  Also:  A  Stodj  of  the  Degenerstioiis  sad  Compllcstioiis  of  Fibroid  Tumors  of  the  Uteros, 
etCM  Anmiecm  Ofnseotoffif*  IM^  ApriL 

8.  CuLLiHawoBTH,  C.  J.:  An  Anslyslfl of  One  Hondred  Cases  of  Uterine  FibromToma, 
etc^  J<mf.  ObtL  and  Oynte,  BritUh  JRnpifv,  190t. 

4.  SmABfjm,  Mabt:  An  Analysis  of  One  Hondred  Cases  of  Flbromjomata  Uteri,  /our. 
ObtL  <md  Gyntc  BrUUk  Empire,  1908,  October,  p.  880. 

5.  Fhipimck,  C.  C:  A  Stndy  of  Uterine  Flbromyomata  with  Btpedal  Bef erence  to  Tlieir 
Degeneration  and  Complicatione,  etc,  AmiHettn  Ofntiolon,  1908,  to),  i,  p.  8B6. 

&  NOB1.B,  Chablh  p.:  Two  Cases  of  Deddooma  Malignnm,  Amariean  Jcur.  Obti.,  1808, 
Tol.  ^Ti,  No.  8. 

7.  Davibls:  St9.  Oyn,  Chkr,  Abd.,  1908,  No.  118. 

8.  Mabsohul  Ueber  dne  onnnterbrochene  Beihe  tob  185  glfleklich  Terlanfene  Laparoto> 
mien.    CMrolUatt/flr  ^yiuU.,  1908,  No.  19,  p.  678. 

9.  Bon>,  C.  J.:    Lameet,  Jan.  17, 1908. 

19 

Digitized  by  VjOOQ IC 


10.  Hmnnn,  Out:  One  HimdradOatM  of  Fibroid  Tomon,  paper raad  before  thtSratlMn 
Sugica]  and  Gyneoologtcal  Society. 

11.  Becasene,  8.:  Doecaaoedemlomasnterinoeoomplicadoede^wiidicitis.  lUv.de.  mtd. 
y  Mrvg.  praeL,  Madrid.  1006,  Iviii,  p.  1^. 

15.  Dblaob:  Ck>e8i8tenced*imflbromedel*ateni8ayec  cancer  dn  ool  et  one  doable  aalpin- 
gtte  toppu^,  BuU.  «t  Mrnn,  8oe,  Anat.  de  J\tri$,  IflOl,  88,  iU,  p.  Ml. 

18.    Baksb  AMD  Gratbs:    Anur.  Jaw.  OM.,  1903,  September. 

14.  ULBSKO-STBOQAjfowA :  Uober  bOeartlgea  Myom  d«  GebArmntter.  M(mati$ekiift/itr 
GOmiihU^e  umd  GynaMoffU,  1008,  Sept.,  p.  497,  Oct,  p.  816. 

1ft.  Tatb:  a  Caae  of  Sarcoma  of  the  Utema  Aaaodated  with  Flbromyomata,  Jour.  Obit, 
and  Oynee.  BriUth  Bmpif^  1902,  il  868. 

16.  Van  Hoosbn,  Bbbtba  :  Saicomatona  Defeneration  itf  Uterine  Xyoma,  Ammican 
Jour.  Obtt.,  1008,  Izii,  pp.  888-886. 

17.  DoBAN,  Alban  H.  Q.  :  Fibroid  of  the  Broad  Ligament  Aaaodated  with  Ovarian  Cyst, 
Trans.  Obai.  Soc,  London,  toL  xiii,  p.  260. 

18.  Stbbitbb:  Amtr.  Jour.  Obtt.,  toL  xxi.  p.  811.  Also  Shields  Ifarmadoke :  Trans,  of 
Boyal  Chir.  Soc,  vol.  Ittt,  p.  906. 

19.  DoRAX,  AiAAH,  H.  G. :  Fibroids  of  the  Uteros  and  Ita  Li^^aments,  Lecture  ill,  Tkt 
Ltmed,  1008,  vol  i.  No.  8,  p.  407. 

90.  BiaHOP,  STAim OBS :    Uterine  Flbromyomata,  p.  48. 

91.  BOBOP,  Stanmobb  :    Uterine  Flbromyomata,  1001,  pp.  97-81. 

99.    Wblls  :    Surgical  Treatment  of  Fibroids,  Amtr.  Jour,  Obit.,  vol.  zlvii,  p.  806. 
98.   HBiiBioins :    ArcMvfUr  Gynakologii,  toI.  Ixvii,  No.  9. 
94.    Blaxd-Sutton  :    Trans.  Obet  Soc,  1001,  toL  xliii.  p.  900. 

96.  CuLLBB,  L  B.;  Saroomatoos  Tranaformation  of  Myonu^  Discnssion,  Tfu  Journal, 
A.  M.  A.,  1008,  Oct  94,  p.  lOli. 


JO 


Digitized  by  VjOOQ IC 


R^printMl  from  the  Albant  Medical  Annals,  July,  19M 


A  PECULIAR  HYPERTROPHY  OF  THE    PROSTATE, 
ACCOMPANIED   BY    AN  ASCENDING   INFEC- 
TION  AND    CYSTS  IN  THE  URETERS, 
WITH  A  GENERAL  DISCUSSION 
OF  URETERITIS  CYSTICA 

By  harry  W.  CAREY,  M.  D., 

Pithologiiit  to  tlw  Samaritan  Hospital,  Troy,  N.  T.;  Anlatani  In  Sorgical  Pathology,  Albany 

Medioal  CoUeRe, 

AND 

ARTHUR   T.   LAIRD,   M.  D^ 

Lecturer  In  Clinical  MIcroecopy,  Albany  Hedlcal  College. 

(FMm  The  Bender  Laboratory,  Albany,  N.  Y.) 

While  hypertrophy  of  the  prostate  is  of  common  occur- 
rence, the  peculiar  form  to  be  described  is  unusual  and 
explains  some  of  the  difficulties  of  catheterization  and 
cystoscopic  examination  met  with  in  this  condition.  The 
formation  of  cysts  in  the  mucous  membrane  of  the  ureter  is, 
on  the  other  hand,  much  less  frequent,  being  noted  but  twice 
in  the  records  of  over  600  post-mortem  examinations  at  the 
Bender  Laboratory.  Previous  to  1894  Lubarsch^  cites  but 
ten  cases  in  the  literature  and  found  the  condition  himself  in 
four  out  of  3,000  sections. 

Following  is  a  brief  summary  of  the  two  cases  we  wish  to 
report: 

Case  I. — (Bender  Laboratory  Records,  autopsy  No.  0-604).  Clinical 
History:  K  S.,  male,  age  80,  admitted  to  the  Albany  County  Hospital, 
February  18,  1903.  Patient  complains  of  diarrhoea  and  difficulty  in  voiding 
his  urine.     Family  history— negative.     Past  history— Has   used  alcohol 
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freely.  Denies  any  venereal  infection.  Present  condition — ^The  patient's 
mental  condition  is  defective  and  he  gives  untrustworthy  replies  to  ques- 
tions relating  to  his  illness.  He  has.  used  a  metal  catheter  for  some 
time,  passing  it  himself  without  antiseptic  precautions. 

Physical  Examination — ^The  heart,  lungs  and  abdomen  negative.  The 
rectum  is  prolapsed.  The  left  testicle  is  apparently  swollen,  tense  and 
transmits  light  and  is  about  8  centimetres  in  diameter.  The  prostate  per 
rectum  is  found  to  be  enlarged.  There  is  a  purulent  discharge  from  the 
urethra.  When  the  urine  is  withdrawn  by  a  rubber  catheter  the  first  por- 
tion is  pure  pus  and  is  followed  by  ammoniacal  cloudy  urine.  Death  ten 
days  after  admission,  February  28,  1904. 

Autopsy  seventy-two  hours  after  death  by  Dr.  A.  T.  Laird. 

Anatomical  diagnosis.— Hyptrtrophy  (fibro-myoma)  of  the  prostate. 
Diphtheritic  cystitis.  Ascending  infection  (pyelo-nephritis)  of  both  kid- 
neys. Bilateral  ureteritis  cystica.  Acute  vesiculitis.  Chronic  interstitial 
nephritis.  Chronic  interstitial  orchitis.  Tuberculosis  of  epididymis  and 
prostate. 

Prostate— Shows  hypertrophy,  particularly  in  the  lateral  lobes,  which 
cause  obstruction  to  the  outflow  of  urine,  not,  however,  by  pressure  up- 
wards as  is  seen  with  hypertrophy  of  the  middle  lobe,  but  rather  by  pres- 
sure downward.  The  chief  h3rpertrophy  is  in  the  right  lateral  lobe,  which 
extends  across  the  upper  wall  of  the  urethra.  It  is  peculiar  in  being 
attached  to  the  lower  portion  of  the  gland  by  a  thin  pedicle  which  allows 
considerable  mobility  of  the  tumor.  Extending  outward  in  a  lateral  direc- 
tion from  the  prostatic  portion  of  the  urethra  is  a  pocket  which  measures 
3x2  centimetres  and  which  conmiunicates  with  the  bladder  by  a  narrow 
orifice.  Into  this  pocket  the  pedunculated  lateral  lobe  fits,  completely  clos- 
ing the  communication  between  the  bladder  and  the  pocket,  thus  pre- 
venting the  passage  of  urine  and  acting  as  a  "drop  latch."  When  a  catheter 
is  introduced  it  passes  into  the  pocket  and  drains  the  pus  which  has  accumu- 
lated there,  at  the  same  time  it  lifts  the  pedunculated  lateral  lobe  allowing 
the  urine  to  escape.  The  mucosa  lining  the  pocket  has  a  greenish  grey 
color  and  is  studded  with  fine  miliary  abscesses.  The  left  lobe  of  the 
prostate  is  firm  in  consistency;  the  right  lobe  is  softer  than  normal  and 
nodular  and  on  section  the  stroma  predominates;  small  yellowish  areas 
of  glandular  tissue  are  present.  In  the  left  lobe  no  glandular  tissue  can 
be  found. 

The  Bladder  is  externally  roughened  and  congested  and  attached  to 
the  adjacent  coils  of  the  small  intestines  by  fresh  adhesions.  There  are 
also  extensive  adhesions  between  the  rectum  and  bladder.  The  bladder  is 
dilated,  its  walls  average  0.5  centimetre  in  thickness  and  it  is  infiltrated 
with  pus  throughout  all  its  coats.  The  mucosa  is  covered  with  a  sero- 
purulent  exudate  and  is  of  greenish  color  with  here  and  there  streaks 
of  red. 

The  Right  Kidney — ^Measures  9x5x3  centimetres.  The  capsule  strips 
readily  leaving  a  smooth  surface.  Beneath  this  are  found  a  number  of 
minute  yellowish  areas  about  0.5  centimetre  in  diameter,  which  when 
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sectioned  appear  to  be  made  up  of  purulent  material.  The  substance  of  the 
kidney  appears  normal,  although  the  markings  are  somewhat  indistinct 
The  pelvis  of  the  kidney  is  dilated  and  the  mucosa  is  congested. 

Right  Ureter—Tht  mucosa  is  congested  and  about  fifty  small  cysts 
project  from  it  into  the  lumen.  They  have  a  glistening  yellowish  color 
and  are  filled  with  serous  fluid  which  is  under  considerable  pressure,  spurt- 
ing out  when  the  cysts  are  punctured.  In  some  cysts  the  contents  are 
slightly  tinged  with  blood. 

The  Left  iTufn^y— Measures  7x4x3  centimetres.  It  has  been  omyerted 
into  an  abscess  cavity  and  but  very  little  of  the  normal  kidney  substance 
remains.  The  abscess  cavity  is  lined  by  a  purulent  membrane.  The  mucosa 
of  the  pelvis  is  swollen  and  is  covered  with  a  purulent  exudate. 

Left  Ureter — Is  much  dilated*  measuring  1.5  centimetres  in  diameter. 
About  a  half  centimeter  from  the  ureteral  orifice  in  the  bladder  several 
cysts  are  found,  smaller,  however,  than  in  the  ureter  of  the  opposite  side. 

Seminal  vesicles — Contain  pus  and  yellow  mucoid  material 

Right  testicle — Shows  extensive  atrophy.  There  is  also  a  hydrocele 
measuring  10x4  centimetres. 

Left  testicle — ^The  globus  major  of  the  epididymis  is  caseous  and  the 
interstitial  tissue  of  the  testicle  is  increased. 

Urethra — Stricture  of  large  calibre  in  the  bulbous  portion. 

Histological  Description — ^The  cysts  of  the  ureter  arc  surrounded  by  a 
distinct  membrana  propria  derived  from  the  submucosa  and  are  lined  by 
transitional  epithelium.  The  cyst  cavities  are  filled  with  exudate  often 
hemorrhagic,  and  containing  desquamated  epithelial  cells.  Amcmg  these 
are  oval,  pale,  faintly  staining  bodies  frequently  showing  nuclear  shadows. 
The  epithelium  of  the  ureter  is  absent  for  the  most  part  over  the  cysts ;  only 
a  few  strands  of  connective  tissue  separating  the  cysts  from  the  lumen. 
Several  of  v.  Brunn's  cell  nests  are  present  in  the  submucosa;  no  lumen 
connecting  them  with  the  ureter  can  be  found. 

Microscopic  examination  of  the  cyst  contents  showed  many  epithelial 
and  pus  cells  and  bacteria.  Peculiar  round  or  oval  highly  rtfractive  bodies 
ccmtaining  vacuoles  are  also  present  and  with  Sudan  III  give  the  diaiv 
acteristic  reaction  for  fat.  Cultures  made  from  the  cysts  showed  the  pres- 
ence of  the  B.  coli  communis. 

Case  II — (Bender  Laboratory  Records,  Autopsy  No.  0-323).  L,  G.  lU 
female,  aged  54.    Autopsy,  October  20,  1900,  by  Dr.  G.  Blumer. 

Anatomical  Diagnosis — ^Left  renal  calculus.  Right  ureteral  calculus. 
Pyelitis  on  right  side  with  atrophy  of  kidney.  Cystic  ureteritis.  Pyelone- 
phrosis  with  multiple  miliary  abscesses  of  kidney  substance.  Cystitis. 
Brown  atrophy  of  heart  muscle.  Emphysema  of  lungs  with  hypostatic 
congestion  and  oedema.    Qoudy  swelling  of  the  liver.    Acute  splenic  tumor. 

Left  Kidney  is  greatly  dilated  and  on  section  the  pelvis  is  found  to  be 
enormously  distended  with  thick  greenish  pus  and  contains  a  single  yel- 
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lowish  white  stone,  granular  in  appearance  (phosphatic).  From  it  at  one 
point  a  brownish  stone  projects,  probably  uratic  (?)  in  origin.  The  re- 
moval of  the  capsule  tears  away  the  kidney  substance  which  moreover  is 
greatly  diminished  in  amount  The  surface  of  the  kidney  is  congested 
and  dotted  with  miliary  abscesses. 

Left  ureter  is  markedly  dilated  and  the  mucosa  is  covered  with  little 
polypoid  excrescences,  perfectly  round  and  translucent  and  average  i  centi- 
meter in  diameter. 

Right  kidney  is  greatly  contracted  and  on  removal  of  the  capsule  the 
surface  is  finely  granular.  On  section  the  cortex  is  considerably  diminished 
in  amount    The  pelvis  of  the  kidney  is  dilated  and  contains  thick  pus. 

Right  ureter  is  blocked  about  2  to  3  centimetres  above  its  vesical  orifice 
by  several  small  stones. 

Bladder  contains  thick  muco-pus  greenish  in  color.  It  is  markedly  con- 
tracted and  the  mucosa  is  congested. 

Bacterioscopic— In  the  kidney  abscesses  was  found  a  bacillus  of  the 
mucosus  capsulatus  group. 

Histological  Examination  of  cysts  in  the  ureters.  The  cysts  are  located 
in  the  submucosa  but  project  prominently  into  the  lumen  of  the  ureter, 
fully  five-sixths  of  the  cysts  are  above  the  level  of  the  mucosa.  The 
epithelium  of  the  ureter  has  desquamated  over  the  cysts  leaving  only  a 
few  strands  of  connective  tissue.  This  connective  tissue^  derived  from  the 
submucosa,  surrounds  the  cysts  and  also  separates  them  from  the  lumen 
of  the  ureter.  The  lining  of  the  cysts  is  composed  of  epithelium  similar 
to  that  lining  the  ureter,  that  is  transitional  epithelium.  At  the  base  of 
the  cyst  are  several  layers  of  epithelial  cells,  but  at  the  peripheiy 
where  the  pressure  is  greatest  there  are  fewer  layers  and  the  cells  are 
quite  flattened.  The  contents  of  the  cysts  are  in  some  cases  colloid 
material  similar  to  that  found  in  the  thyroid;  in  others,  cellular  dd>ri8. 
In  the  contents  oval  and  refractive  bodies,  three  to  ten  times  the  size  of 
a  leucocyte,  are  constantly  present  and  in  some  of  these  faint  bodies  can 
be  seen  (nuclei).  These  are  probably  identical  with  the  so-called  sporozoa 
that  have  been  described  in  association  with  cysts  of  the  ureter. 

Several  of  v.  Brunn's  cell  nests  are  present  in  the  submucosa.  In  one 
instance  a  connection  between  a  nest  and  the  lumen  of  the  ureter  exists. 

Formation  of  Ureteral  Cysts 

Cysts  of  the  ureter,  pelvis  of  the  kidney  and  bladder  were 
first  described  by  Rayer*  and  later  by  Rokitansky'  and 
Morgagni*.  Virchow*  thought  their  formation  in  the  ureter 
was  due  to  a  blocking  of  the  crypts  in  the  mucosa  of  the 
ureter  followed  by  a  retention  of  secretion;  and  in  the  blad- 
der, on  account  of  the  presence  of  concentric    bodies  in    the 
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To  niustrate  Dr«  Carey's  and  Dr.  Laird's  Article  on  "A  Peculiar  Hyper- 
trophy of  the  Prostate." 

Albany  Medical  Annals^  July^  IQ04. 


Fig.  1  —Shows  the  cysts  in  the  mncosa  of  the  ureter  (actual  size). 


Fig.  II.— Shows  the  structure  of  one  of  the  cysts;  the  membrana  propria  extending 

entirely  around  the  cyst  wall.    (A)  are  the  bodies  described  as 

degenerated  epithelial  cells  (so-called  sporozoa);  (B)a 

cell  nest  (v.  Brunn);  (objective,  1-6;  ocular,  I.). 
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cyst  contents*  attributed  them  to  misplaced  prostatic  glands. 
Hamburger*  described  glands  in  the  mucosa  of  the  ureter 
which  simulated  the  appearance  of  sebaceous  glands  and  he 
thought  the  cysts  originated  from  these.  In  a  histological 
study  of  the  ureter  v.  Brunn  found  nests  >  of  epithelial  cells 
surrounded  by  a  membrana  propria  and  called  attention  for 
the  first  time  to  the  peculiar  arrangement  of  the  connective 
tissue  beneath  the  epithelium  of  the  ureter.  This  arrange- 
ment is  that  of  a  meshwork  with  thickening  at  the  nodal 
points  forming  septa  which  extend  upward  into  the  epithelial 
layers.  The  height  of  the  septa  varies  inversely  with  the 
intra-ureteral  pressure,  being  higher  when  the  pressure  is  low. 
To  variations  in  pressure  v.  Brunn*^  attributed  the  formation 
of  these  cell  nests,  small  portions  of  the  epitheliuoi  being 
enclosed  and  surrounded  by  the  septa  of  connective  tissue. 

To  determine  whether  cell  nests  were  normally  present 
Aschofi*  studied  the  pelvis  of  the  kidney,  the  ureters  and  the 
bladder  in  the  new  born  and  adult,  but  in  no  instance  were 
they  present,  hence  they  are  not  constant  elements.  He 
discredits  the  influence  of  pressure  in  the  formation  of  the 
cell  nests. 

Later  investigations  of  Lubarsch',  Marckwald^,  Stoerk^, 
ZuckerhandP  and  Paschkis^  support  the  theory  that  the 
C)rsts  originate  from  the  cell  nests  of  v.  Brunn. 

The  method  of  formation  of  the  cysts  is  described  by 
Aschoff  as  follows: 

(a)  Enclosure  of  a  portion  of  epithelium  by  septa  of  con* 
nective  tissue  with  the  formation  of  a  cell  nest  This  causes 
small  macroscopic  nodules  or  granules  in  the  mucosa  of  the 
ureter. 

(b)  Central  degeneration  of  these  cells  accompanied  by  a 
transudation  of  fluid  into  cysts  cavity. 

nU  LocaHon  of  Cysts  is  fairly  constant  and  corresponds  to 
the  points  of  constriction  in  the  ureter.  They  are  almost 
constantly  found  in  the  pelvis  of  the  kidney,  upper  third  of 
the  ureter  and  at  the  uretero-vesical  orifice  on  the  trigonum. 
They  are  frequently  bilateral.  In  the  two  cases  above 
reported  the  distribution  of  the  cysts  was  diffuse  and  not 
limited  to  any  portion  of  the  ureter. 
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Etiology. — The  exact  cause  of  the  formation  of  these  cysts 
in  the  ureter  is  not  known,  but  in  the  large  majority  of  the 
cases  reported  they  developed  in  association  with  inflamma- 
tory and  suppurative  conditions  of  the  bladder,  ureter  and 
pelvis  of  the  kidney  (ascending  infections). 

In  the  twenty-four  cases,  including  our  two,  a  cystitis, 
calculus  or  pyelitis  existed  in  all  but  two;  in  the  latter  no 
lesion  of  the  urinary  tract  could  be  found. 

Mention  has  been  made  above  of  the  oval  translucent 
bodies  found  in  the  cysts  contents.  These  have  been 
described  as  sporozoa  by  v.  Kahlden"  Pisenti",  Silcock**, 
Eve",  Clark"  and  Sutton^*,  and  were  believed  to  be  the  cause 
of  the  cyst  formation.  This  view  has  not  been  supported  by 
later  investigations  since  the  parasites  could  not  be  cultivated 
from  the  cysts  and  moreover  it  is  improbable  that  any 
infection  of  this  nature  should  always  be  limited  to  such  a 
prescribed  portion  of  the  urinary  tract. 

The  so-called  sporozoa  in  our  sections,  while  resembling 
parasites  in  some  respects,  were  by  no  means  constantly 
present  in  the  cysts  and  never  very  numerous.  They  were 
never  found  outside  of  the  cysts,  in  the  lumen  of  the  ureter 
or  in  the  epithelium ;  where  they  were  surrounded  by  cellular 
debris  a  gradual  transition  from  epithelial  cells  to  these 
so-called  parasites  could  be  traced.  In  some,  several  faint 
nuclei  could  be  seen.  It  is  our  opinion  that  these  parasitic 
like  structures  are  an  early  stage  in  the  degeneration  of  the 
epithelial  cells  lining  the  cysts  and  later  become  colloid. 
The  interest  in  this  condition  of  Ureteritis  Cystica  does  not, 
however,  relate  entirely  to  its  pathology.  Aschoff  has  called 
attention  to  the  fact  that  in  the  early  stages  of  the  formation 
of  the  cysts  they  may  be  mistaken  for  miliary  tubercles  in 
cystoscopic  examinations. 

In  one  of  the  cases  reported  by  Marckwald  the  develop- 
ment of  the  cysts  had  been  so  extensive  as  to  block  the 
ureter  completely,  giving  rise  to  great  hydronephrosis. 
Healton  and  Gamgee^  have  reported  a  case  in  which 
haematuria  had  existed  for  many  years  and  at  autopsy  a 
cystic  villous  papilloma  of  the  renal  pelvis  was  found.  The 
bleeding,  in  part,  was  due  to  the  rupture  of  the  cysts. 
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Resume 

1.  Hypertrophic  lateral  lobes  of  the  prostate  may  be 
pedunculated  and  by  their  downward  pressure  on  the  urethra 
obstruct  the  outflow  of  urine,  acting  like  a  "drop  latch." 

2.  The  origin  of  cysts  in  the  ureter  is  attributed  to  the 
central  degeneration  and  later  transudation  of  fluid  into 
V.  Brunn's  cell  nests. 

3.  Ascending  infection  of  the  urinary  tract  is  the 
important  factor  in  the  etiology  of  these  cysts. 

4.  The  peculiar  translucent  oval  bodies  resembling 
sporozoa  are  in  some  instances  the  product  of  epithelial 
degeneration. 

5.  The  cysts  may,  in  their  early  stages,  simulate  miliary 
tubercles. 

6.  Cysts  of  the  ureter  may  cause  obstruction  to  the 
passage  of  urine  from  the  kidney  to  the  bladder  with  conse- 
quent hydronephrosis. 

7.  Rupture  of  the  cysts  can  give  rise  to  haematuria. 
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INFANTILE   INGUINAL   HERNIA    OF  THE   VERMI- 
FORM APPENDIX  WITH  ADHESION 
TO  THE  EPIDIDYMIS.* 

By  E.  MacD.  STANTON,  M.  D.. 
ABBiftant,  Bender  Laboratory,  Albany,  K.  T., 

Ajn> 

HENRY  L.  K.  SHAW,  M.  D., 

Lecturer  in  Pediatrica,  Albany  Vedica]  OoOegt, 

Hernia  of  the  appendix  is  not  rare,  but  it  is  uncommon.  Mor- 
gagni,  in  1750,  was,  perhaps,  the  first  to  make  reference  to  it, 
Scarpa  reported  several  cases  in  1806,  after  which  we  have  series 
of  cases  reported  by  Klein,  Brieger,  Bajardi,  Rivet,  Gibbon,  and 
others,  until,  in  1899,  Peterson  was  able  to  collect  1 16  published 
cases,  while  Piersol,  in  1901,  estimated  the  number  of  reported 
cases  as  125.  That  it  is  more  frequent  than  the  number  of  reported 
cases  would  lead  one  to  believe  appears  from  the  fact  that  Coley 
found  hernia  of  the  appendix,  without  the  presence  of  other  por- 
tions of  the  intestinal  tract,  five  times  in  351  operations  for  femoral 
or  inguinal  hernia. 

Hutchinson  classifies  hernia  of  the  appendix  into  two  divisions, 
omgenital  and  acquired.  The  congenital  form  is  always  inguinal, 
and  almost  invariably  occurs  in  the  male  sex  and  on  the  right  side. 
In  this  form  it  is  the  rule  to  find  adhesions  between  the  appendix 
and  some  of  the  remains  of  the  processus  vaginalis — either  to  the 
wall  of  the  sac,  the  cord  or  to  the  tunica  vaginalis.  The  origin 
and  significance  of  these  adhesions  have  been  the  subject  of  much 
speculation.  They  have  been  ascribed  to  the  persistence  of  folds 
of  peritoneum  normally  present  in  foetal  life;  or  as  the  result  of 

*  PnTiooaly  pabUalied  in  briefer  form  in  the  Arehhm  qf  PfdkOria  (March,  IIMM)  to  which 
journal  we  are  indebted  for  the  oae  of  the  accompanying  cnt 
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foetal  peritonitis,  the  frequency  of  which  is  upheld  by  Virchow, 
B.  Schmidt,  Orth  and  others ;  to  the  persistence  of  certain  fibres 
of  the  gubemaculum;  and  they  have  also  been  considered  as  of 
post-hemial  origin.  There  seems  to  be  little  doubt  that  in^some 
of  the  cases  these  adhesions,  by  uniting  the  appendix  to  the 
migrating  structures,  have  enabled  the  same  forces  which  bring 
about  the  descent  of  the  testicle  to  also  play  an  active  part  in 
causing  the  descent  of  the  appendix  into  the  inguinal  canal. 

In  support  of  the  view  that  these  attachments  may  originate  in 
foetal  folds  of  the  peritoneum  may  be  cited  the  fact  that  previous 
to  the  descent  of  the  testicle  into  the  inguinal  canal  the  peritoneum 
overlying  the  testicle  encloses  it  and  forms  a  mesentery,  the 
mesorchium,  which  also  encloses  the  gubemaculum  and  forms  two 
folds,  one  above  the  testicle  and  the  other  below  it.  The  one 
below  the  testicle  encloses  the  lower  part  of  th  gubemaculum, 
and  is  known  as  the  plica  gubematrix;  the  one  above  the  testicle 
is  not  constant,  but  when  present  usually  covers  the  spermatic 
vessels  and  is  known  as  the  plica  vascularis.  Hutchinson  states 
that  at  the  time  the  testicle  passes  into  the  inguinal  canal  this 
ascending  band  or  ridge  of  peritoneum  can  be  found  in  about  ten 
per  cent,  of  all  cases :  its  upper  attachment  varies ;  usually  it  is 
to  the  under  surface  of  the  mesentery  of  the  lower  end  of  the 
ilium,  less  commonly  to  the  caecum  or  vermiform  appendix.  A 
similar  band  is  much  more  frequently  found  in  females  (fifty 
per  cent,  of  all  cases,  according  to  Hutchinson),  in  whom  it  per- 
sists as  the  well-known  appendiculo-ovarian  ligament.  The  pres- 
ence of  this  band  with  rigid  superior  attachments  has  been  given 
as  a  cause  of  incomplete  descent  of  the  testicle. 

As  is  well  known,  the  testicle  develops  opposite  the  second  or 
third  lumbar  vertebra,  from  which  point  it  descends  during  the 
third  month,  by  the  end  of  which  time  it  has  reached  the  internal 
ring.  It  remains  in  this  position  until  near  the  close  of  gestation 
or,  according  to  some  authors,  enters  the  processus  vaginalis  as 
early  as  the  middle  of  the  seventh  month.  The  position  of  the 
appendix  is  high  in  the  abnominal  cavity  imtil  the  descent  of  the 
caecum,  which  occurs  about  the  sixth  month,  but,  owing  to  the 
relatively  great  length  of  the  appendix  in  the  foetus  (eleven  milli- 
metres in  each  of  two  twelve  centimetres  foetuses  examined  by 
us),  it  MS  at  all  times  capable  of  coming  in  contact  with  the  peri- 
toneum covering  the  testicle.    It  is  thus  seen  that  inflammatory 
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ooncKtkMis  occurring  in  either  the  appendix  or  the  testicle  could 
result  in  the  formation  of  adhesions  between  the  appendix  and 
the  migratory  peritoneum  covering  the  testicle,  and  thus  cause 
the  descent  of  the  appendix  along  with  the  testicle. 

The  following  case,  occurring  in  the  service  of  one  of  us  (Shaw) 
at  the  Albany  Orphan  Asylum,  is  of  interest  in  that  it  represents 
a  case  of  congenital  hernia  of  the  appendix,  in  which  the  descent 
of  the  appendix  into  the  inguinal  canal  was  undoubtedly  caused 
by  an  early  inflammation  which  involved  both  testicles,  together 
with  their  peritoneal  covering,  and  which  resulted,  we  believe, 
in  the  formation  of  an  adhesion  between  the  distal  end  of  the 
appendix  and  the  timica  albuginea  overlying  the  head  of  the  right 
epididymis. 


Sidney  P.,  bom  November  lo,  1902;  admitted  to  the  Albany  Orphan 
Asylum  January  31,  1903;  died  October  29,  1903.  While  under  observa- 
tion in  the  Asylum  there  were  no  symptoms  referable  to  the  appendix 
or  genital  organs;  the  patient  dying  of  broncho-pnetunonia  following 
measles. 

Tbe  following  notes  are  from  the  autopsy  protocol  (Stanton)  : — 

Abdomen — ^Abdomen  is  free  from  fluid.  Omentum  contains  very  little 
adipose  tissue.  Serosa  smooth  and  glistening.  Appendix  is  eight  centi- 
metres long  and  extends  directly  downward  with  free  meso-appendix  from 
caecum  through  internal  ring  and  inguinal  canal  and  is  so  united  by 
adhesions  to  the  testicle  that  the  latter  can  be  drawn  up  into  the  inguinal 
canal  by  traction  on  the  appendix. 

When  the  testicle  is  in  normal  position  there  Is  a  slight  evagination  of  the 
peritoneum  around  the  appendix  at  the  right  of  the  internal  ring;  other- 
wise the  funicular  process  is  completely  obliterated  and  there  is  no  evidence 
of  a  hernia  sac 

On  dissecting  out  the  appendix  it  is  found  that  the  portion  l3ring  within 
the  canal  is  covered  with  a  loose  areolar  tissue  while  a  thick  band  of 
firm  fibrous  tissue  unites  the  tip  of  the  appendix  to  the  tunica  albuginea 
overlying  the  head  of  the  epididymis. 

Testicles — ^The  parietal  and  visceral  layers  of  the  tunica  vaginalis  of 
both  testes  are  distinctly  thickened. 

Anatomical  diagnosis — Bilateral  broncho^pneumonia.  Cloudy  swelling  of 
liver  and  kidney.  Acute  congestion  of  spleen.  Congenital  hernia  of 
appendix  with  adhesions  between  epididymis  and  appendix.  Chronic 
bilateral  peri-orchitis. 

Microscopic  examination — Sections  from  the  left  testicle  show  extensive 
thickening  of  the  capsule  and  a  growth  of  fibrous  tissue  between  the 
tubules. 

Microscopic  diagnosis — Broncho-pneumonia;  endothelial  hsrperplasia  in 
spleen  and  retroperitoneal  bemolymph  node.  Albuminous  and  fatty  degen- 
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eradon  of  liver.  Slight  albuminous  degeneration  of  kidney.  Atrophied 
thymus.  Cloudy  swelling  of  heart  muscle.  Chronic  orchitis.  Chronic 
periorchitis. 

Explanation  of  illustration— The  larger  drawing  shows  the  parietal  peri- 
toneum becoming  continuous  with  the  peritoneum  of  the  appendix  at  the 
point  where  the  appendix  entered  the  ingniuBX  canal  and  the  band  of 
fibrous  tissue  uniting  the  tip  of  the  appendix  with  the  tunica  vaginalis* 
The  smaller  drawing  is  from  a  section  through  the  tunica  vaginalis  show- 
ing the  thickening  of  the  parietal  portion  and  the  relation  of  the  adhesion 
to  the  tunica  vaginalis  and  the  head  of  the  epididymis. 
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A  STUDY  OF  THE  CHANGES  OCCURRING  IN  THE 
ENDOMETRIUM  DURING  THE  MENSTRUAL  CYCLE. 

By  H.  JUDSON  UPES,  M.  D., 

Osnical  Professor  of  Obstetrics,  Albany  Medical  CoUege;    Head  Obstetrician,  Albany 
Guild  for  the  Care  of  the  Sick  Poor. 

(From  tkf  Bender  Laboratory,  Albany,  N.  Y.) 

Probably  the  first  recorded  observations  on  the  condition  of  the 
uterine  mucosa  during  menstruation  were  published  by  Kundrat 
and  Engelmann  in  1873.  Since  that  time  numerous  investigators 
have  studied  the  subject  but  the  results  of  their  work  show  the 
greatest  diflFerences  of  opinion. 

Without  doubt,  as  we  shall  see,  these  varied  views  were  due  to 
several  causes,  principally  the  source  of  the  material  and  the 
more  accurate  results  obtained  through  better  preserving  fluids 
and  more  satisfactory  fixing  methods  as  well  as  to  the  recent  rapid 
prc^ess  in  microscopical  studies. 

In  the  study  of  the  changes  which  take  place  in  the  uterine 
mucosa  during  the  menstrual  cycle  we  have  several  methods  to 
pursue.  The  first  method  employed  was  that  of  the  examination 
of  the  mucosa  in  uteri  removed  at  autopsy  and  consequently,  as 
this  was  the  most  natural  source  for  the  securing  of  material 
for  microscopical  study,  we  find  that  the  earlier  and  the  greater 
number  of  observers^  Kundrat^  Englemann,  Sir  John  Williams, 
Sinety,  Leopold,  Wyder,  Von  Kohlden,  Christ,  and  Wendeln 
conducted  their  studies  on  the  uteri  removed  at  autopsy  from 
patients  who  had  died  during  menstruation. 

That  the  earlier  observations  were  faulty  is  not  to  be  wondered 
at  since  it  is  a  well-known  fact  that  autopsy  material  unless 
secured  very  early  post  mortem  is  more  or  less  changed.  Gebhard 
referring  to  the  conclusion  of  Wendeln  obtained  by  the  study  of 
autopsy  specimens,  claimed  that  it  is  never  allowable  to  show 
cadaveric  preparations  as  proof  of  the  condition  of  the  mucosa 
where  the  material  has  been  taken  thirty-four  hours  post  mortem. 
We  believe  that  even  this  is  rather  late  to  secure  proper  material. 
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In  the  first  place,  as  pointed  out  particularly  by  Leopold  and 
Wyder,  it  is  absolutely  necessary  that  an  exact  anamnesis  be 
secured  in  each  case,  whatever  the  source  of  the  material,  in  order 
to  be  assured  that  one  is  dealing  with  a  true  menstrual  hemor- 
rhage. That  this  has  not  been  followed  in  many  of  the  earlier 
observations  is  certain. 

Another  source  of  error  in  the  earlier  observations,  and  one 
that  is  liable  to  be  experienced  by  every  laboratory  worker  unless 
the  greatest  care  is  taken,  is  that  in  passing  the  material  through 
the  fixing  solutions  there  may  be  more  or  less  loss  of  substance. 
Inasmuch  as  the  first  important  question  to  be  decided  is  whether 
there  is  a  loss  of  substance  resulting  from  menstruation  or  not,  it 
is  necessarily  important  to  use  such  fixing  solutions  as  will  pre- 
serve the  specimens  intact. 

A  number  of  authors  have  not  stated  their  methods  of  pre- 
serving and  fixing  their  material.  A  ntmiber  employed  Miiller's 
fluid.  Leopold  preserved  his  specimens  first  in  weak  then  in 
stronger  alcohol.  He  was  opposed  to  Miiller's  fluid  because  the 
superficial  layers  which  are  saturated  with  blood  are  easily  broken 
off.  This  is  certainly  true  unless  the  specimens  are  most  care- 
fully handled,  and  it  is  due  to  the  fact  that  Miiller's  fluid  must 
be  changed  and  the  specimens  washed  so  often  before  the  tissue 
is  fixed.  After  hardening  has  taken  place  the  pieces  of  tissue  may 
then  be  moved  about  and  the  fluids  changed  frequently  without 
loss  of  substance.  Mandl  finds  that  the  corrosive  sublimate  solu- 
tion proves  the  best  for  the  study  of  the  condition  of  the  epithe- 
lium and  that  Flemming's  fluid  was  of  the  greatest  service  for  the 
study  of  the  process  of  regeneration. 

Finley  and  other  recent  observers  used  Zenker's  solution  and 
since  this  fixes  the  specimens  quickly  without  changing  the  solu- 
ticm  and  without  handling  them  frequently  it  has  proved  very 
satisfactory.  G>uld  this  solution  have  been  used  in  earlier  obser- 
vations there  would  have  been  less  disagreement  as  to  the  changes 
which  take  place  especially  as  regards  the  loss  of  substance. 

Moricke  was  the  first  to  examine  scrapings  from  the  normal 
menstruating  uterus  and  thus  excluded  the  possibility  of  post- 
mortem changes.  Lehlein,  Gebhard,  Westphalen  and  others  soon 
followed  his  example  and  these  investigators  arrived  at  diflFerent 
conclusions  than  did  the  earlier  observers  who  used  autopsy 
material.  Wendeln  had  some  doubt  of  the  value  of  the  examina- 
tion of  curettage  specimens  on  the  grounds  that  the  whole  mucous 
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membrane  is  not  obtainable  and  consequently  conclusions  based  on 
the  examination  of  only  a  part  should  not  be  made.  It  is  pos- 
sible, too,  that  cm-etted  material  may  appear  hemorrhagic  on 
account  of  the  numerous  blood  cells  which  are  intimately  asso- 
ciated with  the  material  in  its  removal  and  in  the  process  of 
blocking. 

Sinety  examined  the  menstrual  flow  and  the  mucus  adhering  to 
the  superficial  layer  of  the  mucosa  in  order  to  draw  conclusions 
as  to  the  condition  of  the  deeper  layers.  In  such  a  method  the 
possibility  of  arriving  at  erroneous  conclusions  is  apparent. 
Wyder  aspirated  the  menstrual  discharge  from  the  cavity  of  the 
uterus  by  means  of  a  uterine  S3rringe  in  order  to  avoid  the  glands 
of  the  cervix  and  to  reduce  the  negative  pressure  to  a  minimum. 

In  order  to  determine  the  probable  loss  of  substance  of  the 
mucosa  during  menstruation  the  writer  undertook  to  examine  the 
napkins  of  thirty  patients  through  the  menstrual  period.  The 
patients  were  instructed  to  change  the  napkins  frequently  and 
to  soak  in  cold  water,  being  careful  to  save  any  clots  and  at  the 
end  of  menstruati(Mi  to  take  a  vaginal  douche  of  plain  cold  sterile 
water  so  that  all  the  discharge  might  be  collected.  This  douche 
water  and  that  in  which  the  napkins  were  soaked  was  centrifuged 
so  as  to  obtain  all  the  sediment  possible.  This  sediment  was  then 
hardened  in  alcohd  and  passed  through  in  the  routine  manner. 
Great  care  was  taken  to  secure  patients  who  had  a  normal  men- 
strual history  and  in  whom  there  was  no  apparent  diseased  con- 
dition of  the  endometrium. 

The  small  amount  of  material  thus  obtained  was  cut  and  stained 
with  haematoxylin  and  eosin.  The  result  of  such  examination 
will  be  mentioned  later  on. 

Another  method  which  is  the  most  important  of  all  is  that  of 
the  examination  of  sections  of  uteri  removed  during  the  menstrual 
period  for  lesions  not  involving  the  endometrium.  This  method 
of  examination  was  only  lately  carried  out  since  surgeons  prefer 
not  to  remove  the  uterus  during  active  menstruation. 

Probably  the  most  elaborate  investigations  were  carried  on  by 
Gebhard,  in  Berlin,  and  Westphalen,  in  Keil,  who  not  only  studied 
the  mucosa  of  menstruating  uteri  obtained  by  curettment  and  of 
uteri  obtained  at  autopsy  but  also  sections  of  uteri  removed  by 
operation  during  the  menstrual  period.  Williams,  Findley,  Edgar 
and  others  in  this  country  also  recorded  their  observati<His  on  the 
examinatioQ  of  the  mucosa  of  uteri  removed  during  operation. 
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In  women,  who  must  lose  diseased  adnexia  and  in  whom  the 
anamnese  and  the  examination  of  the  uterus  led  one  to  expect  no 
particularly  abnormal  condition  of  the  uterine  mucous  membrane, 
Mandl  and  other  operators  awaited  menstruation  and  removed  the 
uteri  during  this  period.  No  intra-uterine  manipulation  was 
carried  out  and  in  order  to  protect  the  organ  from  unnecessary 
handling  extirpation  was  performed  as  quickly  as  possible  by 
clamping  off  the  parametriimi  and  ligaments  and  cutting  rapidly. 
In  order  to  avoid  the  slightest  possible  injury  to  the  mucosa  the 
uterus  was  opened  on  the  anterior  wall  cutting  from  the  cervix  to 
the  fundus  and  then  a  portion  was  removed  from  the  posterior 
wall  and  placed  immediately  in  fixing  fluids.  Findley  placed  the 
uterus  in  salt  solution  immediately  after  removal  and  then  placed 
in  Zenker's  solution  for  twenty-four  hours. 

The  views  of  the  numerous  investigators  are  so  contradictory 
on  several  points  that  it  will  be  necessary  to  consider  them  more 
in  detail. 

Leopold  divides  the  menstrual  cycle  into  four  stages :  ( i )  active 
menstruation;  (2)  regeneration;  (3)  resting  stage;  (4)  pre- 
menstrual swelling. 

In  as  much  as  the  stage  last  mentioned  is  really  the  preparatory 
one,  according  to  my  observations,  and  the  beginning  of  the  phe- 
nomena exhibited  in  the  change  of  the  uterine  mucosa  due  to  men- 
struation, we  will  discuss  this  division  of  our  topic  first. 

Westphalen,  Leopold,  Doleris,  Pompe,  Van  Meerderwordt,  Her- 
zog,  and  others  are  practically  agreed  with  the  conclusions  of 
Gebhard  based  on  his  observations  of  the  scrapings  and  sections 
of  uteri  removed  during  the  menstrual  period  for  lesions  not 
involving  the  endometrium. 

From  a  study  of  the  literature  on  the  subject,  and  from  the 
examination  of  such  material  as  I  have  been  able  to  secure,  the 
following  information  has  been  gleaned. 

In  this  stage,  which  begins  to  develop  gradually  as  soon  as  the 
process  of  regeneration  is  complete,  which  is  about  the  eighteenth 
day  after  the  flow  ceases,  we  find  that  the  capillaries  of  the  mucosa 
are  congested  resulting  in  a  serous  or  serosanguineous  exudate 
infiltrating  the  stroma  of  the  mucosa.  During  the  state  of  regen- 
eration the  cells  of  the  stroma  lay  over  each  other  rather  thickly 
but  now  become  pressed  apart  particularly  in  the  outer  third  of 
the  mucosa. 

The  protoplasm  of  these  cells  become  compressed  and  the  pro- 
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jections  by  which  tfiey  are  bound  togedier  are  either  greatly 
lengthened  or  aMiq)letely  separated.  In  the  meshes  lies  a  light 
opaque  mass,  which  seems  similar  to  blood  senmi  and  which  is 
often  separated  in  the  larger  vessels  from  the  chromocytes. 

Later  the  blood  leaves  the  capillaries  and  infiltrates  the  stroma, 
gravitating  in  the  direction  of  least  resistance,  i.  e.,  toward  the 
uterine  cavity,  and,  just  before  the  active  flow  b^;ins,  forming  a 
cdlection  of  blood  beneath  the  surface  epithelium — the  sub-epithe- 
lial haematoma  of  Gebhard. 

It  is  quite  impossible  to  say  whether  the  bloody  condition  of 
the  efiFusion  along  the  borders  of  the  mucosa  bekmgs  entirely  to 
the  normal  or  not,  for  it  is  apparent  that  in  curettage  hemorrhage 
easily  occurs  in  the  mucosa  while  in  extirpation  an  engorgement 
of  the  vessels  occurs  very  easily,  especially  when  the  broad  liga- 
ment is  not  clamped.  Even  traction  on  the  uterus  from  below, 
according  to  Westphalen,  results  in  venous  stasis  with  consequent 
small  hemorrhages. 

The  vessels  become  larger  in  the  loosened  swollen  stroma  and 
are  for  the  most  part  more  filled  than  in  the  period  of  r^;eneration 
but  the  greater  increase  in  size  occurs  only  shortly  before  the 
beginning  of  menstruation  proper. 

Many  observers  agree  that  there  is  also  an  increase  in  the  size 
of  the  glands  of  the  mucous  membrane,  since  these  appear  widened 
and  winding  and  frequently  on  cross  section  the  walls  seem  to 
be  thrown  into  folds  in  the  lumen.  The  increase  in  size  of  die 
glands  is  due,  no  doubt,  to  the  collection  of  the  secretion  of  the 
gland  cells.  It  is  this  mucous-like  product  of  the  gland  cells 
which  gives  them  quite  a  granular  appearance.  The  gland  cells 
become  uniformly  swollen  and  take  stains  more  evenly,  and  their 
nuclei  are  more  widely  separated  as  a  result  of  the  increase  in 
the  volume  of  the  protoplasm,  and  are  uniformly  more  round  in 
comparison  to  the  oval-nuclei  which  are  seen  in  the  regeneration 
period.  In  all  the  stages  the  cell  nuclei  are  near  the  base  as  a 
rule,  although  Westphalen  has  often  noticed  that  they  stand  in 
the  middle  of  the  cell  in  the  b^^ning  of  the  state  of  pre-menstrual 
swelling.  Consequently  the  mucosa  is  increased  in  thickness  from 
two  to  three  millimetres  up  to  six  and  seven  millimetres, — ^the 
thickness  varying  greatly  in  the  same  uterus  owing  to  the  unequal 
distribution  of  the  muscle  layers  directly  beneath  the  mucosa. 

Kundrat  and  Englemann  found  a  fatty  degeneration  of  the 
mucous  epithelium  as  well  as  of  the  gland  cells  and  interglandular 
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tissue  and  the  hemorrhage  and  oedema  of  the  mucosa  according 
to  these  early  investigators,  were  produced  by  a  fatty  degenera- 
tion of  the  walls  of  the  vessels  which  were  now  increased  in  size 
and  completely  filled  with  blood — ^these  conditions  resulting  in  a 
laceration  of  their  walls  and  a  consequent  hemorrhage  into  the 
tissue.  They  noticed  that  the  greater  part  of  the  hemorrhage  was 
superficial  and  that  fatty  degeneration  is  most  noticeable  in  the 
same  portion  of  the  mucosa. 

Sir  John  Williams  also  believed  that  fatty  degeneration  occurred 
and  consequent  degenerative  changes  took  place. 

Leopold  claimed,  and  rightly,  that  the  hemorrhage  is  a  super- 
ficial capillary  one  due  largely  to  the  peculiar  ccmditicHi  of  the 
vascular  structure  in  the  mucosa  (numerous  arteries  and  capillar- 
ies and  proportionally  a  less  number  of  veins) .  What  he  described 
as  a  fatty  degeneration  of  the  superficial  elements,  was  assigned, 
not  as  the  previously  mentioned  observers  assigned  as  the  cause, 
but  as  the  result  of  the  hemorrhage. 

Moricke  and  other  observers  maintain  that  fatty  degeneration 
of  even  the  slightest  grades  is  not  to  be  found. 

Kundrat,  Sinety,  Leopold,  and  others  have  described  an  increase 
of  the  round  cells  and  small  celled  infiltration  but  diis  is  not  con- 
firmed by  subsequent  observers  and  their  presence  is  denied  by 
others. 

Leopold  described  the  appearance  of  giant  cells  (with  eight  to 
ten  and  even  more  nuclei)  especially  in  the  projections  of  the 
mucosa  into  the  muscular  tissue.  Other  investigators  have  con- 
firmed this  observation. 

At  the  end  of  the  pre-menstrual  stage  we  find,  therefore,  the 
mucosa  is  swollen  greatly  and  infiltrated  with  a  serous  or  sero- 
sanguineous  exudate  and  that  collecticms  of  blood  are  formed 
beneath  the  surface  epithelium  ready  to  burst  out. 

The  stage  of  active  hemorrhage  now  appears — being  described 
as  the  first  stage  by  Leopold  and  as  the  second  by  Gebhard.  The 
question  now  arises  as  to  how  the  blood  reaches  the  uterine  cavity 
and  how  much  mucous  tissue  is  destroyed  by  this  process. 

Gebhard  states  that  the  blood  reaches  the  uterine  cavity  by 
being  forced  between  the  epithelial  cells  of  the  surface  or  of  the 
glands,  or  the  continuity  of  the  surface  is  brdcen  by  the  lifting  of 
small  masses  of  cells  from  their  bed  these  providing  an  exit  for 
the  collections  of  blood  beneath. 

Christ  believed  that  in  the  weaker  menstrual  congestioQ  the 
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blood  escaped  between  the  ei»thelial  cells  of  the  surface  of  the 
mucosa  and  of  the  glands.  Where  the  congestion  was  more 
marked  slight  defects  occurred  in  the  surface  through  which  the 
blood  poured  out  and  where  the  menstrual  flow  was  very  pro- 
fuse there  was  a  more  sudden  and  a  greater  loss  of  the  suriface 
epithelium,  which  allowed  the  outflow  of  blood.  This  observer 
claimed  to  have  seen  in  many  places  the  passage  of  red  cells 
between  die  superficial  epithelium  as  well  as  between  the  epidie- 
lium  of  the  glands  but  he  has  given  us  no  drawings  of  this  con- 
diticm.  Others  agree  with  this  view  but  do  not  make  the  statement 
as  a  result  of  then-  own  observations. 

Mandl  made  careful  examinations  of  a  number  of  sections  but 
did  not  observe  in  any  case  the  passage  of  red  blood  cells  between 
the  epithelium  although  these  cells  are  easily  observed  when  speci- 
mens are  fixed  in  sublimate  solution  and  stained  in  hsmotoxylin 
and  eosin — ^the  method  is  adapted.  He  repeatedly  found  leuco- 
cytes, however,  which  had  become  fixed  in  their  wanderings 
between  the  epithelium  of  the  surface  and  of  the  glands  as  well, 
and  believed  that  by  the  wandering  of  these  leucoc3rtes  the  union 
of  the  epithelial  cells  is  broken  so  that  the  blood  follows  more 
easily  in  such  places. 

But  perhaps  the  most  important  question,  and  the  one  concern- 
ing which  there  is  the  greatest  diversity  of  opinion,  is  whether  or 
not  any  portion  of  the  mucosa  is  destroyed  by  the  process  of  men- 
struation. 

If  we  examine  the  results  of  the  studies  of  the  various  au&ors 
already  mentioned  we  will  see  that  the  earlier  observers  particu- 
larly held  the  opinion  that  not  only  is  the  whde  superficial  epithe- 
lial layer  destroyed  but  also  a  considerable  part  of  the  mucosa 
disappears. 

Another  group  of  observers  believe  that  the  whole  mucosa  and 
even  the  superficial  epithelial  layer  remains  intact ;  while  a  third 
group  takes  the  middle  ground  and  describes  a  loss  scmietimes  of 
a  less,  sometimes  of  a  greater  part  of  the  epithelium  and  mucous 
membrane. 

In  the  first  group  we  find  Engelmann,  Kundrat,  Sir  John  Will- 
iams and  Von  Kahlden.  The  latter,  who  undertook  a  through 
study  of  the  published  communications  on  this  subject  up  to  the 
appearance  of  his  work  in  1889,  came  to  the  ccmclusion  that  in  all 
probability  in  menstruation  the  whole  surface  epithelium  with  a 
very  con8ider2d)le  part  of  the  mucosa  is  thrown  off.    But  these 
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observations  were  made  on  cadaveric  material  which  had  been 
obtained  when  post-mortem  changes  had  probably  taken  place  and 
the  fixing  solutions  used  necessitated  frequent  changes  and  con- 
sequently much  handling.  As  already  pointed  out  these  condi- 
tions would  result  in  a  loss  of  substance  in  such  frail  material  as 
the  uterine  mucous  membrane,  especially  during  menstruation. 

Of  the  group  of  men  who  believe  that  at  no  time  during  men- 
struation is  any  part  of  the  mucosa  lost,  De  Sinety  is  the  only 
early  worker  on  autopsy  material.  Moricke,  Strassmann,  Find- 
ley,  J.  Whitbridge  Williams,  C.  Ruge,  Veit,  Gebhard,  Mandl, 
Leopold,  J.  Qarence  Webster,  Meerdervoort  and  others  believe 
that  only  a  small  portion  of  the  superficial  epithelitun  is  lost  and 
that  this  is  purely  accidental. 

Underbill,  Wendeler,  Heape,  and  others,  believe  that  only  tfie 
superficial  portion  of  the  mucosa  is  destroyed. 

There  is  no  doubt  but  that  the  character  of  the  hemorrhage  has 
much  to  do  with  the  amount  of  destruction  of  the  superficial  epithe- 
lium. If  the  congestion  is  of  rapid  development  and  the  orflection 
of  blood  beneath  the  surface  epithelitun  is  extensive  there  must 
necessarily  follow  a  destruction  of  at  least  a  portion  of  the  over- 
lying surface  epithelium.  If  the  hemorrhage  is  slight  and  takes 
place  largely  by  diapedesis  the  loss  in  the  epithelium  would  be 
almost  nil. 

This  I  have  proved,  at  least  to  my  own  satisfaction,  by  the 
examination  of  the  menstrual  discharge  as  already  mentioned. 
Lack  of  space  will  not  allow  a  detailed  description  of  these  cases. 

In  the  thirty  cases  examined  the  period  of  menstruation  ex- 
tended from  one  to  eight  days.  There  were  two  cases  of  one 
day's  duration,  one  of  two  days,  twelve  of  three  days,  seven  of 
four  days,  three  of  five  days,  two  of  six  days,  two  of  seven  days, 
and  one  of  eight  days'  duration,  all  of  which  were  carefully 
examined. 

In  the  first  three  cases  mentioned  there  was  practically  no  sedi- 
ment and  this  was  composed  principally  of  red-blood  cells  and 
some  vaginal  epithelium.  In  two  of  the  twelve  cases  where  the 
flow  lasted  three  days  the  onset  was  severe  and  the  flow  con- 
siderable, but  with  little  or  no  pain  experienced  by  the  patient.  In 
these  two  cases  there  was  considerable  sediment  which  oxitained 
a  large  amount  of  blood  and  ntunerous  epithlial  cells  from  the 
mucosa,  as  well  as  vaginal  epithelitun  and  other  debris. 

In  oat  of  the  seven  cases  menstruating  four  days,  the  flow  was 
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slight  the  first  day  but  increased  in  severity  die  last  diree  days. 
In  this  case,  however,  there  were  not  many  epithelial  cells  found 
in  the  discharge.  In  the  two  cases  of  six  days,  the  two  of  seven 
days,  and  the  one  of  eight  days'  duration  the  flow  was  consider- 
able in  amount  as  it  extended  over  so  many  days  but  it  occurred 
gradually.  Proportionately  to  the  amount  of  sediment  there  was 
a  less  number  of  epithelial  cells  than  in  the  two  specimens  obtained 
from  the  patients  whose  periods  lasted  three  days. 

In  as  much  as  only  practically  normal  cases  had  been  selected 
the  results  show  diat  there  is  some  loss  of  epithelium  during 
normal  menstruation  and  that  the  amount  of  k>ss  is  dependent 
upon  the  severity  and  not  necessarily  upon  the  length  of  the 
menstrual  period.  There  were  certainly  not  enough  epithelia  in 
die  discharge  in  any  of  the  cases  to  suggest  a  complete  loss  of  the 
superficial  layer  of  die  mucosa. 

With  the  disappearance  of  the  mentrual  flow  involution  b^ns. 
We  find  that  the  blood  vessels  decrease  rapidly  in  size  as  the 
engorgemnt  lessens  and  that  blood  is  no  longer  extravasated 
into  die  connective  tissue  spaces.  What  blood  is  left  in  the 
stroma  is  rapidly  absorbed. 

Granting  now  that  there  is  a  partial  loss  of  the  surface  epithe- 
lium the  question  arises  as  to  how  this  loss  is  repaired. 

According  to  Le(^>old  the  surface  epithelium  which  has  been 
lifted  from  its  bed,  if  the  continuity  has  not  been  broken  on  all 
sides,  resumes  its  former  place  and  the  lost  epithelium  is  regen- 
erated from  adjacent  cells.    This  is  the  consensus  of  opinion. 

Sir  John  Williams,  who  claimed  that  the  whde  mucosa  was 
destroyed,  believed  that  the  mucous  membrane  was  regenerated 
from  the  epitheliiun  of  the  glands  which  penetrated  the  muscle 
layer.  Wyder,  who  taught  the  partial  destruction  of  the  mucosa, 
believed  that  there  was  a  cell  hyperplasia  of  the  interglandular 
tissue  in  the  deeper  layer  of  the  mucosa,  which  provides  for  the 
restoration  of  the  loss  of  cells  and  that  a  regeneration  of  the 
superficial  epithelium  takes  place  from  the  gland  epithelium  and 
from  the  remaining  "  cell-islands." 

Wendeler  believed  in  a  partial  loss  of  the  epithelium  and  that 
the  necessary  regeneration  was  accomplished  as  previously  from 
a  cell  membrane  situated  under  the  base  of  the  old  epithelium  con- 
taining flat,  tender  epithelium.  No  other  investigator  has  observed 
such  a  membrane,  however. 

Mandl  was  the  first,  I  believe,  to  demonstrate  the  various  stages 
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of  well  marked  mitosis  in  the  epithelium  of  the  covering  layer  and 
showed  that  the  lost  cells  were  replaced  by  indirect  cell  division 
of  the  remaining  cells.  He  believed  that  the  gland  cells  also 
assisted  in  this  process  but  did  not  agree  with  Von  Kahlden  who 
claimed  that  the  formation  of  the  new  cells  resulted  entirely  from 
those  of  the  gland  whose  openings  became  widely  extended  and 
whose  cells  spread  out  in  all  directions. 

The  length  of  time  necessary  for  the  complete  regeneration  of 
the  mucosa  varies  necessarily  according  to  the  amount  of  tissue 
lost.  Williams  believed  that  the  entire  mucous  membrane  was 
restored  in  a  few  days.  Leopold  states  that  the  regeneration  of 
the  lost  epithelium  is  performed  likewise  in  a  few  days  after  the 
ck)se  of  the  menstrual  flow.  Westphalen,  however,  thinks  that 
this  process  is  a  longer  one  consuming  from  six  to  eighteen  days 
and  believes  that  this  stage  is  prolonged  through  the  third  or 
resting  period  as  described  by  Leopold.  In  any  event  the  interval 
between  the  complete  restoration  of  the  mucosa  and  the  pre- 
menstrual congestion  state  is  very  short. 

Whether  the  mucous  layer  of  the  Fallopian  tubes  undergoes  a 
change  during  njenstruation  is  a  question.  Personally  I  have  not 
been  able  to  examine  the  mucosa  of  the  tubes  removed  during 
menstruation. 

Mandl  in  one  case,  where  he  had  removed  the  uterus  and 
adnexia  on  the  fourth  day  of  menstruation,  found  that  the  mucous 
membrane  of  the  tubes  was  swollen  and  hemorrhagic  although  the 
adnexia  were  normal. 

Findley  is  the  only  observer  who  has  exhibited  a  drawing  of 
the  mucous  membrane  of  the  tube  during  menstruation.  He 
reports  two  cases  in  which  the  changes  in  the  mucosa  of  the  tubes 
were  similar  to  those  in  the  uterus,  i.  e,,  there  was  a  marked 
engorgement  with  blood,  and  free  blood  was  found  in  the  mucosa 
and  in  the  lumen  of  the  tube.  The  surface  epithelium  was  found 
intact. 

In  oonclusicm  we  would  offer  the  following  resum^ : 

The  menstrual  cycle  is  divided  into  three  periods;  the  first, 
preceding  the  menstrual  flow  and  characterized  by  gradual  devel- 
opment of  a  capillary  congestion  resulting  in  a  serous  or  sero- 
sanguineous  infiltraticm  of  the  stroma  of  the  mucosa,  separating 
die  cellular  elements  and  gravitating  toward  the  periphery  form- 
ing collections  of  blood  beneath  the  surface  epithelium.  Slight 
glandular  hypertrophy  as  well  as  a  swelling  of  the  gland  cells 
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takes  place,  with  a  consequent  hypertrophy  of  the  whole  mucosa. 
This  stage  is  well  exhibited  in  figure  I,  taken  from  a  drawing  by 
one  of  my  students,  Mr.  Harry  RuUiscm,  to  whom  I  would  express 
my  indebtedness,  of  a  section  of  uterus  removed  immediately  pre- 
ceding the  menstrual  fk)w.  A  capillary  engorgement  and  infiltra- 
tion of  the  stroma,  separating  the  cellular  elements  is  especially 
noticeable  in  the  outer  portion.  The  enlarged  cork-screw-like 
glands  suggest  a  mild  form  of  glandular  hypertrophy. 

The  second  stage  of  active  hemorrhage  is  characterized  by  an 
outftew  of  blood  through  a  diapedesis  or  through  a  rupture  of 
the  sub-epithelial  haematoma,  with  more  or  less  loss  of  the  super- 
ficial epithelium  depending  largely  upon  the  severity  of  the  process. 
Figure  II,  a  drawing  of  a  section  of  a  uterus  removed  the  first 
day  of  the  menstrual  hemorrhage  shows  the  infiltrated  area  near 
the  surface  with  a  breaking  in  the  continuity  of  the  surface  epithe- 
lium allowing  the  blood  an  exit.  In  this  plate  the  mucosa  is 
drawn  relatively  too  norrow. 

In  the  third  stage  involution  takes  place.  The  engorgement 
of  the  blood  vessels  becomes  quickly  lessened  and  a  rapid  absorp- 
tion of  the  blood  in  the  strcwna  takes  place.  The  epithelitun  which 
has  been  lost  is  regenerated  by  indirect  cell  division  of  the  adjacent 
cells.  This  stage  is  prolonged  imtil  the  premenstrual  swelling 
b^ns  or  there  is  a  slight  interval  during  which  the  mucosa  is 

inactive. 
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THE    ISLANDS  OF    LANGERHANS    IN  CONGENITAL 
SYPHILITIC  PANCREATITIS. 

By  RICHARD  MILLS  PBARCE,  M.  D., 

Adjunct  Professor  of  Pathology  and  Bacteriology,  Albany  Medical  College. 

{pram  iJu  Btndtr  HygUmc  Laioralory^  Albany^  N.  Y,) 

It  is  not  my  purpose  in  the  present  communication  to  g^ve  a 
detailed  study  of  the  lesions  of  congenital  syphilitic  pancreatitis. 
The  condition  is  not  important  clinically,  for  it  is  found  usually 
only  in  the  still-bom  or  in  those  dying  shortly  after  birth;  the 
pathology  of  the  condition  on  the  other  hand,  has  been  thoroughly 
studied  and  little  can  be  added  to  the  original  description  of 
Birch-Hirschfeld  and  the  later  systematic  study  of  Schlesinger. 
The  histological  picture,however,^shows  a  peculiar  relation  between 
the  islands  of  Langerhans  and  the  newly  formed  tissue  which, 
as  it  has  not  been  generally  recognized  and  as  it  oflFers  evidence 
in  confirmation  of  our  newer  ideas  concerning  the  anatomical  and 
physiological  independence  of  these  structures,  is  I  believe,  worthy 
of  special  consideration. '  The  study  of  the  islands  in  this  ccm- 
dition  is  also  important,  because  occurring  as  it  does  in  the  foetus, 
it  oflFers  an  opportunity  to  study  the  structures  under  adverse 
conditions  of  development,  thus  filling  the  gap  between  the  normal 
development  and  the  pathological  changes  seen  in  the  adult  organ. 

Our  recently  acquired  knowledge  of  the  islands  is  almost 
entirely  due  to  the  work  of  Opie,^  who  has  shown  that  a  certain 
proportion  of  the  cases  of  pancreatic  diabetes  have  a  definite 
relation  to  lesions  of  the  islands  of  Langerhans.  Upon  these 
observations,  which  have  been  confirmed  by  several  American 
and  German  investigators,  is  based  the  assumption  that  the  islands 
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have  a  physiology  distinct  from  the  remainder  of  the  pancreas, 
and  concerned  especially  with  carbo-hydrate  metabolism,  there- 
fore of  prime  importance  in  the  pathology  of  diabetes.  Very 
substantial  support  of  this  anatomical  and  physiolc^cal  inde- 
pendence is  oflFered  by  the  experiments  of  Ssobolew*  and  Schulze.* 
These  investigators,  working  independently,  have  shown  that  after 
ligation  of  the  pancreatic  duct  in  animals,  the  glandular  portion 
of  the  organ  atrophies  and  is  replaced  by  fibrous  tissue  while  the 
islands  are  unchanged  and  the  urine  remains  free  from  sugar. 
Opie  has  observed  a  similar  condition  in  the  pancreas  of  man 
as  the  result  of  partial  or  complete  duct  obstruction  by  calculus 
or  cancer. 

It  is  this  same  picture  of  a  chronic  sclerotic  inflammation  with 
disappearance  of  the  greater  portion  of  the  glandular  structure 
and  the  persistence  of  the  islands  that  is  seen  in  the  congenital 
luetic  lesion  of  the  pancreas.  This  persistence  of  the  islands  has 
not,  however,  been  generally  recognized,  owing  probably  to  the 
infrequency  of  the  post-mortem  examination  of  newly  bom  chil- 
dren and  in  part  to  the  fact  that  our  interest  in  the  pathology  of 
the  island  has  only  recently  been  aroused.  Previous  to  this 
awakening  the  only  references  are  those  of  Schlesinger*  and  Con- 
don*  who  merely  mention  the  presence  of  the  islands ;  while,  since, 
Opie  and  Ssobolew  the  chief  supporters  of  the  theory  of  anat- 
tomical  independence  have  offered  this  persistence  of  the  islands 
as  evidence  in  support  of  their  view.  At  the  time  of  their  pub- 
lications, however,  our  knowledge  of  the  normal  development  of 
the  islands  was  incomplete.  This  gap  has  been  filled  by  my 
recent  study*  of  the  development  of  the  island  in  the  human 
embryo,  and  it  is  in  connection  with  the  results  of  this  study  that 
I  wish  to  consider  the  changes  in  the  syphilitic  organ. 

Literature  of  Congenital  Syphilitic  Pancreatitis.  The  first 
complete  study  of  luetic  pancreatitis  of  the  new  bom  was  made 
by  Birch-Hirschfeld^  in  1875.  In  the  series  then  reported,  lesions 
of  the  pancreas  were  found  in  thirteen  of  twenty-three  cases 
examined,  but  in  a  later  series,  in  but  twenty-nine  of  one  hundred 
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twenty-four.  The  frequency  of  the  lesion  in  the  second  series 
agrees  with  the  observations  of  subsequent  writers. 

The  gross  appearance  of  the  organ  is  characteristic,  the  most 
striking  feature  being  the  increase  in  consistence,  which  in 
advanced  cases  approaches  that  of  cartilage.  An  increase  in  size 
and  weight  is  also  quite  constant.  On  section  the  surface  of  the 
organ  is  hard,  white  and  glistening,  the  glandular  appearance 
being  entirely  eflfaced.  Birch-Hirschfeld  ccwnpares  the  appear- 
ance on  section  to  that  of  a  fibroid;  Cruveilhier,  to  that  of  a 
scirrhus  cancer.  Previous  to  Birch-Hirschfeld's  study,  this 
induration  of  the  pancreas  in  congenital  lues  had  been  noted  in 
isolated  instances  by  Osterloh,'  Cruveilhier,*  Hecker,**  CEdmans- 
son**  and  W^^er.**  The  changes  are  most  marked  in  the  head 
of  the  pancreas,  a  fact  which  led  Mraczek^*  and  Beck^*  to  consider 
the  lesion  to  be  an  extension  from  the  duodenum.  Schlesinger 
states  that  there  is  no  constant  relation  to  syphilis  of  other  organs, 
though  the  pancreas  may  be  adherent  to  such. 

Birch-Hirschfeld  (1875)  describes  the  lesion,  histologically  as 
an  increase  of  connective  tissue  which  compresses  and  causes 
atrophy  of  the  glandular  elements,  without  evidence  of  degenera- 
tion. Schlesinger  (1898)  gives  a  most  complete  histological 
study  and  decides  that  the  increase  of  connective  tissue  is  of  peri- 
vascular orig^.  Contributions  to  the  pathology  of  the  lesion 
have  been  made  also,  by  Huber,*'  Friedreich,^*  Mraczek,  Miiller,*^ 
Baumgarten,**  Beck,  Heubner,**  Ssobolew,  Opie  and  Condon. 
Gummata  have  been  found  only  by  Klebs,**  Beck  and  Birch- 
Hirschfeld  which  is  in  striking  contrast  to  the  syphilitic  lesion  of 
the  adult  pancreas.  Baumgarten  and  Cruveilhier  describe  a  lar- 
daceous  appearance,  but  whether  they  use  this  term  in  the  descrip- 
tive, sense  or  to  specifically  refer  to  amyloid  infiltration,  is  not  clear 
from  the  text.  Some  difference  of  opinion  exists  concerning  the 
period  at  which  the  lesion  develops.  Birch-Hirschfeld  places  it 
late  in  pregnancy;  Schlesinger  much  earlier  and  quotes  cases 
described  by  Muller  and  Mraczek  in  which  it  existed  at  the  fifth 
month.     Opie's  statement  that  the  almost  complete  absence  of 
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glandular  tissue  is  due  to  arrested  development  rather  than  to 
degeneration  indicates  that  he  favors  Schlesinger's  view.  It  may 
be  mentioned  that  the  condition  has  been  foimd  five  months 
(Birch-Hirschfeld)  and  three  and  a  half  years  (Heubner)  after 
birth.  The  involvement  of  the  pancreas  occurs  in  order  of  fre- 
quency after  that  of  bone,  lung,  spleen  and  liver. 

Material,  My  interest  in  congenital  syphilitic  pancreatitis  was 
first  aroused  by  Prof.  Marchand  of  Leipzig,  at  whose  suggestion 
I  imdertook  an  investigation  of  several  minor  points  concerning 
the  development  and  pathology  of  the  islands  of  Langerhans. 
From  the  material  of  the  Leipzig  Institute,  six  specimens  were 
obtained.  Later  while  completing  a  study  of  the  embryology  of 
the  islands,  with  the  aid  of  material  placed  at  my  disposal  by  Prof. 
Mall  of  Baltimore,  two  additional  examples  were  found.  A  single 
specimen  was  obtained  from  Dr.  Flexner's  collection  of  pancreas 
material  and  one  also  from  the  collection  of  Dr.  George  Blumer. 
I  take  this  opporttmity  to  thank  these  gentlemen  for  placing  this 
unusual  material  at  my  disposal. 

In  all  of  these  ten  specimens  the  lesion  is  of  the  advanced  sclero- 
tic type  with  almost  complete  disappearance  of  the  glandular 
elements.  The  early  stages  with  infiltration  of  plasma  and 
lymphoid  cells  are  not  seen.  A  careful  study  of  the  lesion  adds 
practically  nothing  new  to  our  knowledge  of  the  general  process. 
Selective  stains  prove  the  new  tissue  to  be  mainly  of  the  white 
fibrous  variety;  the  elastic  tissue  to  be  unchanged,  or  indeed  in 
some  instances,  less  in  amount  than  in  the  normal  pancreas.  In  one 
case  very  widespread  mucoid  degeneration  of  the  new  connective 
tissue  was  seen.  Miliary  gtmimata  (syphilome  miliare)  were 
found  in  but  one  of  the  ten  specimens. 

The  most  striking  feature  is  the  persistence  of  the  islan^^  of 
Langerhans,  despite  the  general  destruction  of  the  glandular 
adni.  Throughout  the  dense  fibrous  tissue,  with  here  and  there 
the  fragmentary  remains  of  gland  tissue,  the  islands  stand  out 
prominently,  often  surrounded  by  denser  whorls  of  investing 
stroma,    but    apparently    uninjured.     (See    illustration.)     This 


Digitized  by  VjOOQ IC 


To  ninstrate  Dr  Pearce's  Article  on  ''  The  Islands  of  Langerhans  in  Congenital 
Syphilitic  Pancreatitis.'' 

Albany  Medical  Annalu^  January ^  1904. 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


appearance  is  present  constantly  in  all  specimens  and  in  all  grades 
of  the  lesion,  and  the  most  careful  search  fails  to  reveal,  in  the 
islands,  evidence  of  degeneration  or  atrophy,  or  the  ingrowth  of 
connective  tissue.  The  absolute  resistance  of  the  islands  to  the 
process  so  destructive  to  the  secreting  portion  of  the  gland  is  very 
strong  evidence  in  favor  of  their  anatomical  independence  and  this 
condition,  if  considered  in  connection  with  our  knowledge  of  the 
development  of  the  islands,  is  very  readily  explained.  While  in 
most  instances  the  islands  appear  entirely  isolated,  dose  examina- 
tion shows  that  occasionally  an  island  is  connected  with  a  glandu- 
lar acinus  by  a  stalk-like  process  of  cells.  This  connecting  band 
is  in  most  instances  a  solid  mass  of  epithelial  cells ;  though,  some- 
times, a  semblance  of  a  lumen  may  be  discerned.  Opie  alone,  as 
far  as  I  am  aware,  notes  this  band  of  cells  connecting  island  and 
acinus.  Upon  this  observation  and  the  fact  that  no  evidence  of 
degeneration  is  seen  in  the  island  he  bases  the  asstmiption  that 
the  island  in  its  early  development  is  in  connection  with  the  acinus 
and  that  its  development  is  interrupted,  in  syphilitic  pancreatitis, 
by  the  ingrowth  of  connective  tissue  which  causes  atrophy  of  the 
glandular  tissue  and  leaves  the  more  resistant  island  in  its  unde- 
veloped state.  At  the  time  of  Opie's  communication  our  knowl- 
edge of  the  development  of  the  islands  was  incomplete  and 
especially  so  the  manner  in  which  the  island  became  independent 
of  the  acinus  from  which  it  originated.  That  his  assimiption  is 
correct,  however,  is  shown  by  the  results  of  my  recent  study  of 
the  development  of  these  structures  in  the  pancreas  of  the  human 
embryo.    These  results  may  be  briefly  summarized  as  follows : 

"The  islands  of  Langerhans  (embryo  of  fifty-four  millimetres), 
originate  through  a  proliferation  and  diflFerentiation  of  the  cells 
of  the  primitive  secreting  tubules.  The  differentiated  cells  char- 
acterized by  a  rich,  finely  granular,  eosinophilic  protoplasm  lie 
as  small  round  or  oval  masses  in  direct  continuity  with  the  cells 
of  the  tubule.  Later,  (embryo  of  about  the  third  month)  the 
attached  portion  becomes  constricted,  and  lengthening,  forms  a 
a  stalk-like,  solid  process  of  cells  connecting  the  island  with  the 
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acinus.  At  this  period,  a  few  entirely  isolated  islands  arc  present. 
A  separation  takes  place  apparently  brought  about  by  the  pressure 
of  the  investing  connecting  tissue.  Vascularization  has  now 
occurred.  In  still  later  stages  a  progressive  vascularization, 
increase  of  cells,  arrangement  of  the  cells  in  colimins,  and  appear- 
ance of  a  fine  reticulum  is  observed.  The  rapidly  forming  glan- 
dular structures  finally  surround  the  islands  which  then  occupy 
the  centres  of  the  lobules." 

From  this  summary  it  will  be  seen  that  in  the  pancreas  of  the 
third  month  the  islands  are  still  connected  with  the  acini  by  solid 
processes  of  cells.  The  proportion  of  connective  tissue  at  this 
time  is  very  great,  as  the  rapid  glandular  growth  does  not  occur 
until  the  fifth  and  sixth  months.  Any  disease  of  the  pancreas 
occurring  at  this  time  would,  therefore,  influence  the  develop- 
ment of  the  organ,  and  evidence  of  this  faulty  development  would 
be  present  at  any  subsequent  stage  of  the  lesion. 

This  seems  to  be  the  case  in  the  lesion  under  consideration. 
Syphilis  of  the  pancreas  has  been  observed  as  early  as  the  fifth 
month  (MuUer)  and  although  there  are  no  definite  observations 
of  its  earlier  occurrence,  the  appearance  of  the  islands  in  the  luetic 
pancreas  when  compared  with  the  normal  development  of  these 
structures  indicates  the  possibility  of  the  lesion  occurring  as  early 
as  the  third  month.  The  general  microscopic  picture  of  the  normal 
pancreas  at  the  end  of  the  third  month  is  very  similar  to  the  s)rphi- 
litic  organ  at  the  sixth  or  seventh  month,  except  that  the  latter  has  a 
larger  proportion  of  connective  tissue :  the  same  stage  of  develop- 
mefit  of  the  islands  is  seen  in  both.  In  other  words,  at  the  latter 
period  we  have  the  development  of  the  third  month  plus  the  connec- 
tive tissue  produced  by  the  syphilitic  lesion.  It  seems  justifiable, 
therefore,  to  conclude  that  the  syphilitic  infection  occurs  at  the 
period  (third  to  fourth  month)  when  the  islands  are  still  connected 
with  the  gland  tubules,  and  that  the  newly  formed  tissue  causes 
atrophy  of  the  gland  acini,  but  spares  the  more  resistant  islands. 
Thus  is  explained  the  similarity  of  the  islands  in  the  two  conditions. 
The  ultimate  factor  in  this  resistance  of  the  islands  is  their  abundant 
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blood  supply.  That  this  vascularization  of  the  island  is  not  altered 
in  syphilitic  pancreatitis,  I  have  demonstrated  by  the  study  of  the 
diseased  organ  injected  with  Berlin  Blue. 

The  evidence  obtained  by  experiment  and  by  the  study  of  the 
pancreas  of  diabetics  has  already  placed  the  theory  of  anatomical 
independence  of  the  islands  upon  a  substantial  basis.  The  study 
of  their  development,  has  demonstrated  that  although  they  orig- 
inate from  the  glandular  tissue  they  eventually  become  wholly 
independent  structures  anatomically.  It  is  with  the  object  of  adding 
still  further  confirmatory  evidence,  that  this  communication  which 
adds  nothing  essentially  new,  but  attempts  to  correlate  known 
facts,  is  made. 
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Reptiiitod  from  ALBAitr  Medical  AnmalS,  October,  IftM. 


CANCER  OF  THE  PANCREAS  AND  GLYCOSURIA* 
(A  Histological  Study  of  the  Changes  in  the  Islands  of  Langerhans) 

By  RICHARD  M.  PEARCE,  M.  D., 
Director  of  the  Bender  Laboratory,  Albany,  N.  T. 

This  investigation  was  undertaken  for  the  purpose  of  deter- 
mining what  relation,  if  any,  the  islands  of  Langerhans  may 
have  to  the  glycosuria  occasionally  seen  in  connection  with 
cancer  of  the  pancreas.  That  pathological  changes  in  these 
structures  are  frequently  associated  with  diabetes  has  been 
satisfactorily  demonstrated  by  the  investigations  of  Opie*  and 
others,  and  has  led  to  a  more  definite  knowledge  of  a  form  of 
diabetes  which  may  properly  be  called  pancreatic  diabetes. 
No  attempt  has  been  made  on  the  other  hand,  as  far  as  I  am 
aware,  to  demonstrate  the  presence  of  similar  changes  in  con- 
nection with  the  glycosuria  occasionally  associated  with  cancer 
of  the  pancreas.  That  some  of  these  changes — hyaline  de- 
generation, chronic  interacinar  pancreatitis  involving  the 
islands  and,  according  to  a  few  investigators,  diminution  in  the 
number  of  the  islands — might  result  from  the  involvement  of 
the  organ  by  cancer  is  evident  from  our  knowledge  of  the 
secondary  lesions  frequently  accompanying  such  invasion.  It 
is  well  known  that  duct  obstruction,  frequently  the  result  of 
cancer  of  the  head  of  the  pancreas,  readily  causes  a  chronic 
pancreatitis;  and  it  is  possible  also  that  the  destruction  of  a 
large  portion  of  the  pancreas  parenchyma  by  the  new  growth 
may  destroy  the  islands  to  such  an  extent  that  they  are  no 
longer  equal  to  the  demands  made  upon  them. 

On  the  other  hand  we  have  no  adequate  explanation  of  those 
cases  in  which,  though  the  pancreas  is  extensively  or  com- 
pletely replaced  by  the  new  growth,  diabetes  does  not  exist. 

•PrarfoMiy  iwbUdied  In  tlie  Amtriean  JtmmcUff  iJU  Mtdieal  BcUum^  Septonber,  mi, 


Digitized  by  VjOOQ IC 


Such  complete  destruction,  as  in  the  cases  reported  by  Litten* 
and  V.  Hansemann,'  is  analagous  to  the  extirpation  experi- 
ments by  V.  Mering  and  Minkowski,*  but  the  absence  of  gly- 
cosuria is  opposed  to  their  results,  v.  Hansemann  has  at- 
tempted to  explain  the  discrepancy  by  assuming  that  in 
primary  cancer  of  the  pancreas  the  tumor  cells  originating 
from  pancreas  parenchyma  inherit  the  function  of  internal 
secretion  peculiar  to  the  normal  cell.  This  explanation,  how- 
ever, is  entirely  hypothetical  and  in  the  light  of  our  present 
knowledge  of  pancreatic  diabetes  loses  its  force  unless  we  as- 
sume that  all  primary  cancers  of  the  pancreas  arise  from  the 
islands  of  Langerhans,  which,  despite  the  recent  publication 
of  Fabozzi*^  supporting  such  origin,  appears  most  improbable. 
If  our  newer  theories  concerning  the  relations  of  the  islands 
to  carbohydrate  metabolism  are  firmly  grounded,  we  should 
expect  to  find  evidence  of  the  persistence  of  the  islands  in  such 
cases.  With  these  various  possibilities  in  mind,  I  have  made 
a  careful  histological  study  of  thirty  cases  of  cancer  of  the 
pancreas,  in  three  of  which  glycosuria  was  present. 

The  literature  offers  but  scanty  information  concerning  the 
frequency  with  which  glycosuria  occurs  in  connection  with 
cancer  of  the  pancreas.  Such  cases  are  not  uncommonly  re- 
ported but  without  reference  to  the  occurrence  of  cases  not 
complicated  by  glycosuria.  From  a  hasty  review  of  the  sub- 
ject, I  believe  the  proportion  (one  in  ten)  shown  by  my  cases 
to  be  high.  We  have,  however,  definite  information  concerning 
the  reverse  condition,  that  is,  the  frequency  of  cancer  of  the 
pancreas  in  connection  with  all  forms  of  diabetes.  In  Oser's* 
series  of  i88  cases  of  diabetes,  cancer  occurred  in  24;  in  Wil- 
liamson's^ series  of  23,  once;  and  in  139  cases  reported  by 
Windle,®  in  three,  v.  Hansemann's*  tabulation  of  ^2  cases  of 
diabetes  with  pancreatic  lesion  contains  five  cases  of  cancer. 
I  have  examined  many  of  the  original  descriptions  of  the  cases 
quoted  in  these  series  with  the  object  of  determining  if  any 
peculiar  macroscopic  or  microscopic  conditions  existed.  The 
task  has  been  most  unsatisfactory  for  many  of  the  reports  are 
of  a  clinical  nature  and  gross  and  histological  description  are 
meagre  or  entirely  lacking.  This  analysis,  however,  confirms 
the  well  known  clinical  fact  that  in  the  majority  of  cases  the 
new  growth  is  in  the  head  of  the  pancreas  and  by  duct  obstruc- 
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tion  causes  an  atrophy  (chronic  pancreatitis?)  of  the  distal 
portion  of  the  organ.  This  point  is  especially  emphasized  by 
V.  Hansemann,  DieckhoflF^®  and  Windle. 

The  material  upon  which  this  study  is  based  consists  of  the 
tissues  from  thirty  cases  of  cancer  selected  from  a  group  of 
thirty-five  examples  of  new  growth  in  the  pancreas.  As  the 
material  has  been  gathered  from  different  sources,  often  from 
routine  collections  of  autopsy  material,  it  has  not  always  been 
possible  to  procure  tissues  from  the  different  portions  of  the 
uninvolved  pancreas  as  well  as  from  the  cancerous  portion,  nor 
for  the  same  reason,  have  essential  data  concerning  clinical  his- 
tory and  pathology  been  available  in  all  cases.*  Thus  while  all 
cases  have  been  utilized  in  the  study  of  the  histological  changes 
but  twenty-one  have  been  available,  on  account  of  incomplete 
examination  of  the  urine,  in  arriving  at  conclusions  concerning 
the  occurrence  of  glycosuria.  The  thirty  cancers  studied  may 
be  classified  as  follows:  primary  in  the  head  of  the  pancreas, 
nine;  in  other  portions  of  the  organ,  4;  secondary  to  gall 
bladder  or  ducts,  five ;  to  stomach,  eight ;  to  breast,  one,  and 
to  uterus,  one.  Glycosuria  occurred  in  but  three  cases;  in 
two  of  which  the  tumor  was  primary  in  the  head  of  the  pan- 
creas ;  concerning  the  third,  no  clinical  or  pathological  notes 
were  available. 

The  results  of  the  histological  examinations,  especially  as 
concerns  the  islands  of  Langerhans  are  more  readily  described 
under  the  following  headings :  changes  in  (a)  the  immediate 
neighborhood  of  the  new  growth,  (&)  at  a  distance  from  the 
tumor,  (c)  in  cases  with  extensive  involvement,  but  no  glyco- 
suria, and  (d)  in  cases  accompanied  by  glycosuria. 

(a)  The  important  changes  at  the  edgie  of  the  advancing 
cancer  are  the  persistence  and  increase  in  size  of  the  islands 
of  Langerhans.  While  the  glandular  elements  are  invaded  and 
replaced  by  the  new  growth  and  the  newly  formed  connective 
tissue,  the  islands  remain  unaltered  in  the  midst  of  the  stroma, 
and  occasionally,  are  even  enclosed  by  a  mass  of  tumor  cells. 
Not  only  is  this  true  of  the  edge  of  the  tumor,  but  in  the  well 
infiltrated  parts  the  islands  may  be  seen  in  the  stroma  without 

*I  take  this  opportanity  to  acknowledge  my  indebtedneas  to  Prof.  F.  Marchand  of  Leipzig 
Dr.  Lodwig  Hektoen  of  Chicago,  Dr.  F.  B.  Mallorj  of  Boston,  Dr.  James  Bwlng  of  New  York, 
Dr.  W.  O.  MacCaUmn  of  Baltimore,  Dr.  W.  T.  Longcope  of  Philadelphia,  Dr.  M.  Herzog  of 
Chicago,  and  Dr.  George  Blnmer,  who  have  kindly  placed  material  at  my  disposal. 
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remnants  of  acini.  The  increase  in  size  of  some  of  these  struc- 
tures IS  four  or  five  times  that  of  the  normal  islands.  These 
giant  islands  are  typical  in  structure  and  readily  distinguished 
from  small  alveoli  of  cancer  cells.  They  represent  a  true 
hypertrophy  of  the  islands  and  not  altered  pancreas  acini. 

(b)  The  changes  at  a  distance  from  the  tumor  depend  appar- 
ently upon  the  location  and  size  of  the  same.  With  a  cancer 
of  the  head  of  the  pancreas  causing  pressure  upon  the  duct 
a  chronic  interstitial  pancreatitis  of  severe  grade  always  ex- 
isted, which,  with  the  exception  of  one  case  to  be  described 
later,  was  always  of  the  interlobular  type.  The  islands  per- 
sist in  the  midst  of  dense  connective  tissue  and  are  not  invaded 
by  it.  This  condition  has  been  observed  by  Opie  in  several 
similar  cases  without  glycosuria. 

A  tumor  at  the  head  of  the  pancreas  not  obstructing  the  duct 
does  not  cause  chronic  interstitial  changes.  Small  tumors  of 
any  portion  of  the  pancreas  are  unaccompanied  by  changes  in 
the  islands  of  the  normal  portion  of  the  organ;  on  the  other 
hand,  if  the  new  growth  is  of  considerable  size,  definite  hyper- 
trophy of  these  structures  is  apparent. 

(c)  But  two  cases  of  diffuse  involvement  of  the  organ 
occurred  in  this  series;  in  neither  was  glycosuria  present. 
These  are,  however,  not  analagous  to  those  discussed  by 
Hansemann,  for  areas  of  normal  pancreas  could  be  found  here 
and  there,  lying  in  the  midst  of  the  new  growth.  In  such 
areas  were  large  islands,  several  times  the  normal  size. 

(d)  Three  cases  of  cancer  of  the  pancreas  accompanied  by 
glycosuria  are  included  in  this  series.  One  of  these  could  not 
be  utilized  in  the  present  study  because  of  lack  of  data;  the 
gross  description  of  the  pancreas  not  being  available  and  the 
histological  study  incomplete  inasmuch  as  only  the  tumor  had 
been  preserved  and  a  study  of  the  uninvolved  portion  of  the 
pancreas  was  therefore  impossible.  The  second  case,  a  primary 
cancer  of  the  pancreas  involving  the  head  only  and  accom- 
panied by  a  slight  intermittent  glycosuria  with  free  fat  in  the 
stools,  showed  no  changes  in  the  uninvolved  portion  of  the 
organ.  The  islands  were,  few  in  number  and  the  increase  in 
size  usually  seen  in  the  immediate  vicinity  of  the  new  growth 
was  not  evident.  The  third  case  was  one  of  cancer  of  the 
pancreas  with  advanced  chronic  pancreatitis  of  the  interacinar 
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t3rpc.  Sugar  had  been  present  in  the  urine  for  several  months 
before  death.  The  entire  length  of  the  pancreas  was  fifteen 
centimetres;  the  proximal  five  centimetres  occupied  by  the 
tumor,  the  remainder  of  the  organ  atrophied  and  indurated. 
Histological  examination  revealed  a  severe  grade  of  chronic 
pancreatitis  with  small  scattered  groups  of  more  or  less  altered 
acini.  Within  these,  smaller  strands  of  connective  tissue  had 
penetrated,  involving  to  a  varying  extent,  the  islands  of  Langer- 
hans. 

While  it  is  impossible  to  draw  any  definite  conclusions  from 
such  a  small  number  of  cases,  these  observations  are  very  sug- 
gestive and  offer  some  support  of  the  newer  ideas  concerning 
the  anatomy  and  physiology  of  the  islands.  The  persistence 
of  the  islands  in  the  midst  of  the  tumor  stroma  supports  the 
theory  of  anatomical  independence,  an  independence  which 
I  have  recently  definitely  demonstrated  by  a  study  of  their 
development.*^  This  persistence  is  analagous  to  that  described 
by  Schlesinger,**  Opie,  Condon**  and  Pearce"  in  congenital 
S3rphilitic  pancreatitis,  and  by  Opie  in  various  other  sclerotic 
conditions  of  the  organ.  The  increase  in  size  of  the  islands 
suggests  a  purposeful  enlargement  due  to  increased  function 
and  therefore  of  the  nature  of  a  compensatory  hypertrophy. 
A  similar  hypertrophy  of  these  structures  has  been  described 
by  Warthin*"  and  by  Ohlmacher**  in  connection  with  cancer 
of  the  liver,  and  is  considered  by  them,  also,  to  be  compensatory 
in  nature,  compensating,  however,  for  the  lost  or  limited  liver 
function.  The  livers  of  my  cases  have  not  been  available  in 
all  instances  for  histological  examination,  and  I  have  not 
therefore  been  able  to  arrive  at  any  conclusion  concerning  the 
relation  of  enlarged  islands  to  lesions  of  that  organ.  It  is  possi- 
ble that  a  relation  of  a  compensatory  nature  may  exist  between 
the  carbohydrate  metabolism  of  the  liver  and  the  islands  of 
Langerhans ;  but  the  hypertrophy  of  the  latter  structures  when 
associated  with  cancer  of  the  pancreas  is,  I  believe,  an  attempt 
to  compensate  for  the  function  of  the  lost  islands. 

The  cases  of  diffuse  cancer  of  the  pancreas  without  glyco- 
suria can  be  explained  only  on  the  supposition  that  the  amount 
of  normal  pancreas  remaining  is  sufficient  to  furnish  the  secre- 
tion necessary  to  carbohydrate  metabolism,  v.  Mering  and 
Minkowski  found  in  their  extirpation  experiments  that  if  one- 
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fourth  to  one-fifth  of  the  pancreas  remained,  diabetes  did  not 
result ;  a  destruction  of  the  pancreas  by  cancer  we  may  con- 
sider analagous  to  partial  extirpation.  In  both  of  my  cases 
of  diffuse  cancer,  small  areas  of  pancreas  containing  islands 
could  be  found  in  the  midst  of  the  new  growth  in  a  sufiicient 
amount  to  correspond  to  the  unextirpated  fifth.  In  this  con- 
nection the  possibility  of  an  accessory  pancreas  (Thorel,^^ 
Sweet")  or  other  glands  maintaining  the  balance  of  function 
must  also  be  considered,  v.  Hansemann's  explanation  of  the 
absence  of  glycosuria  is  not  applicable  unless  we  assume  that 
all  cancers  of  the  pancreas  arise  from  the  cells  of  the  islands 
ot  Langerhans. 

Finally  we  have  the  cases  with  glycosuria.  In  one  of  these 
a  true  diabetes  existed,  in  the  other  an  intermittent  glycosuria. 
The  first  is  readily  explained  by  the  presence  of  an  interacinar 
pancreatitis  with  involvement  of  the  islands,  a  type  of  pan- 
creatitis originally  described  by  Opie  in  connecti<m  with  diabetes 
and  since  observed  by  many  investigators.  It  therefore  appears 
that  while  cancer  of  the  head  of  the  organ  with  duct  obstruction 
may  frequently  cause  a  chronic  pancreatitis,  glycosuria  does 
not  result  unless  the  interacinar  form  with  involvement  of  the 
islands  develops.  This  naturally  brings  cancer  diabetes  into 
a  common  relation  with  pancreatic  diabetes  in  general. 

The  case  of  intermittent  glycosuria  brings  up  the  vexed 
question  of  alimentary  glycosuria.  It  is  well  known  that  a 
normal  individual  may  digest  without  disturbance  from  150  to 
250  grammes  of  sugar,  but  that  an  increase  over  this  amount 
may  lead  to  temporary  excretion  of  glucose  in  the  urine.  This 
excretion,  due  to  hyperglycemia,  is  the  inevitable  result  of  a 
sudden  flooding  of  the  circulation  with  an  amount  of  glucose 
beyond  that  which  the  body  is  able  at  once  to  consume.  On 
the  other  hand,  in  a  number  of  abnormal  conditions  where 
there  is  no  actual  diabetes,  an  alimentary  glycosuria  may  be 
produced  by  an  amount  of  sugar  which  in  the  economy  of  the 
normal  individual  is  easily  consumed.  Among  the  prominent 
conditions  in  which  this  occurs  may  be  mentioned  neuroses, 
traumatic  or  otherwise,  organic  nervous  diseases,  alcoholism, 
infectious  diseases,  exophthalmic  goitre,  hepatic  and  pan- 
creatic disease.  Is  it  not  possible  that  this  temporary  excretion 
of  sug^r  is  due  to  some  transient  disturbance  of  the  function 
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of  the  islands  brought  about  by  vascular  disturbances  of  the 
islands  or  by  some  toxic  substance,  perhaps  of  the  nature  of  an 
autotoxin,  affecting  the  secretion  of  these  structures  or  tem- 
porarily throwing  them  out  of  function  ?  In  a  destructive  dis- 
ease of  the  pancreas,  as  cancer,  a  certain  number  of  the  islands 
are  necessarily  destroyed;  the  remainder,  however,  may  be 
sufficient  under  normal  circumstances  to  furnish  the  necessary 
secretion,  whatever  it  may  be,  essential  to  carbohydrate  meta- 
bolism; but  if  overtaxed  by  an  unusual  injection  of  glucose, 
h3rperglycemia  and  a  consequent  glycosuria  might  result.  This 
explanation  has  occurred  to  me  in  connection  with  my  case 
of  cancer  accompanied  by  intermittent  glycosuria;  and  that  it 
is  not  entirely  hypothetical  is  indicated  by  the  observations  of 
Ssobolew,**  confirmed  by  Herzog,**  that  in  some  cases  of  per- 
manent diabetes  the  pancreas  exhibits  a  great  diminution  in 
the  number  of  islands,  and  in  some  cases,  an  entire  disappear- 
ance. This  deficiency,  however,  is  far  from  proven,  and  in 
mentioning  it  I  do  not  wish  to  be  placed  in  the  position  of 
advocating  a  pancreatic  origin  for  all  forms  of  diabetes. 

Conclusions — ^We  have  a  definite  basis  for  ascribing  a  certain 
portion  of  the  cases  of  diabetes  to  lesions  of  the  pancreas  and  ulti- 
mately to  lesions  of  the  island  of  Langerhans.  As  a  result  of  the 
study  here  briefly  outlined  we  can,  I  believe,  include  the  permanent 
diabetes  of  cancer  of  the  pancreas  in  this  group.  Further 
observations  must  be  made  before  the  intermittent  glycosuria 
can  be  attributed  to  destruction  of  large  numbers  of  islands.  The 
absence  of  diabetes  in  cases  of  extensive  involvement  of 
the  pancreas  would  appear  to  be  due  to  the  survival  of  small 
fragments  of  tiie  pancreas  including  a  sufficient  number  of  islands 
to  carry  on  their  peculiar  function.  The  persistence  of  the 
islands  under  the  adverse  conditions  described  supports  the 
observation  heretofore  made  concerning  their  anatomical  inde- 
pendence, while  their  enlargement,  suggesting  as  it  does  a  com- 
pensatory hypertrophy,  is  corroborative  of  the  theory  that  they 
have  an  independent  special  function. 

REFERENCES. 

1.    Ofii.  IH$$ttM  of  iki  Ponaereai,  Ut  Omue  and  Natwrt,  Philadalphim 

and  London,  1908. 
1.   Limv.  GftorU^ilfifiatoi,  1878,  T.  161. 

I.   T.  HAWMMiWW.  ap$eifiaaty  AUmUmms,  ymd  AnapUuU  d<r  ZtOm,  Berlin 

1888;  Jte/.  Zdt9t^.,f,  Mn.  JM.,  18M,  zzri,  198. 


Digitized  by  VjOOQ IC 


ZitifUr't  BtUriifi,  1908,  xzziT,  190. 
Ncihmagd't  tpseUlU  Path. «.  TksrapU,  1806.  zriil,  9f. 
lAabOm  MdtUm,  Sdinbniydi  and  London,  1806. 
IHiMii  JoMfiuU  4^  if«'<<»' &;i«ux'«  1888,  IxxW,  IISL 
ZAUchr.f.  mn.  M§d.,  1804,  zxvi,  191. 
BeUrig^  mtr.  I\Uh,  Anat.  det  Fankreos^  Leipsig,  180S. 
Amsriam  Joumalqf  Anatomf^  1006, 11, 416. 
yirekaw^t  Arekiv^  1806,  cliy,  601. 
2Voii«.  OMea^  Path.  Soc,  1800-*01.  ir.,  900. 
Ametiean  MnUdne,  1006,  vi,  UOO. 
PhUadeiphia  M§cUeal  Journal,  1000,  ▼!,  194. 
Tratu,  Chieaffo  Path.  Soe.,  1904,  tI,  88. 
Vkthaw't  AreMv,  1908,  dzxiii,  281. 
Journal  qf  Medical  Bsteareh,  1900,  x,  886. 
OnUralb./.  AUg.  Path,  u.  Path.  Anal,  1000,  xl,  SOS;  Virdum't 
^n:«i9.,10(B,czlTiii,91. 
10.   Hbbsog.  Tlrcteif '«  ^rcAiv.,  19tt,  dxvtti,  88. 


4. 

T.lfiuvouaDl 

6. 

Faboui. 

6. 

OtBB. 

7. 

8. 

WlMIXLI. 

9. 

T.  HAKSBMAmi. 

la 

DnGKHOVF. 

11. 

11 

SoHLiaoron. 

18. 

OONDOV. 

14. 

Pkabob. 

16. 

Wabthut. 

16. 

Ohlmaobsb. 

17. 

Thobbl. 

16. 

BWBMT, 

10. 

Digitized  by  VjOOQ IC 
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EXPERIMENTAL  PANCREATITIS  CONSIDERED  IN 

ITS  RELATION  TO  THE  ACUTE  FORMS  OF 

PANCREATITIS  IN  MAN. 

Presented  before  the  Medical  Society  of  the  Greater  City  of  New  York, 
February  8,  1904,  in  a  discussion  of  ^'Diseases  of  the  Pancreas" 

By  RICHARD  M.  PEARCE,  M.  D., 
Director  of  the  Bender  Laboratory,  Albany,  N.  Y. 

The  short  space  of  time  allotted  me  in  this  discussion  will 
not  allow  a  comprehensive  statement  of  the  many  fruitful 
experimental  researches  having  for  their  object  the  elucida- 
tion of  the  physiology  and  pathology  of  the  pancreas. 
Various  phases  of  the  experimental  investigations  will,  doubt- 
less, be  taken  up  by  others  who  address  you  this  evening; 
and  I  have  therefore,  with  the  approval  of  your  president, 
decided  to  limit  my  remarks  to  a  consideration  of  the  acute 
lesions  which  may  be  produced  experimentally.  What  we 
have  gained  by  experiment  in  this  field  is  practically  a 
knowledge  of  etiology,  and  it  is  therefore  more  particularly 
the  question  of  etiology  that  I  will  discuss.  I  will  not  hesi- 
tate moreover  to  compare  the  experimental  lesions  with  the 
acute  lesions  seen  in  man,  with  the  object  as  far  as  possible 
of  correlating  the  knowledge  gained  by  experiment  and  that 
gained  by  pathological  study. 

In  any  consideration*  of  the  acute  forms  of  pancreatitis  we 
are  confronted  at  the  outset  with  the  question  of  classifica- 
tion. The  division  into  hemorrhagic,  suppurative  and 
gangrenous  forms  as  made  by  Fitz  would  appear  to  satisfy 
all  demands.  Some  writers,  however,  speak  of  a  necrotic 
form.  This  is  of  doubtful  value,  for  all  forms  show  more  or 
less  necrosis;  indeed,  in  the  haemorrhagic  form,  especially 
that  produced  experimentally,  necrosis  is  a  constant  and 
essential  part  of  the  process,  though  not  always  evident 
macroscopically.  The  possibility  of  pancreatic  haemorrhage 
without   inflammation — the   so-called  pancreatic  apoplexy — 

*  In  the  preparation  of  this  brief  fommary  I  have  freely  need  the  recently  pnbllihed  work 
of  Opie  (Diaeaaei  of  the  Pancreaa,  Iti  Canae  and  Nature,  J.  B.  Llppincott  Go.,  1008)  and  Flez- 
ner*!  deecrtptton  of  the  pathological  anatomy  of  the  pancreaa  (Tranaactiona  of  the  Cfongiees  of 
Aiai^toMi  pbyaicianB  and  Sorgeons,  1908,  ▼!,  18);  and  I  take  this  opportonity  to  acknowledge 
my  indebtedneie.  I  hare  not  attached  a  bibliogr^hy.  All  references  may  be  fonnd  in  the 
bibUography  of  Opie'a  w«rk. 
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IS  another  debatable  question  which,  in  the  present  state  of 
our  knowledge  cannot  be  definitely  settled.  It  seems  proba- 
ble from  our  present  point  of  view,  that  thorough  histological 
examinations  of  such  cases  would  furnish  evidence  of  inflam- 
matory changes  and  bring  this  lesion  under  the  head  of 
haemorrbagic  pancreatitis.  Seitz,  the  last  writer  (1892)  to 
make  a  careful  study  of  this  lesion  is,  however,  opposed  to 
this  view  and  believes  that  some  cases,  at  least,  may  be 
attributed  to  arterio-sclerosis. 

h(Bmorrkagic  Pancreaiiiis. — ^The  gross  appearance  of  this 
form  of  pancreatitis — an  enlarged  organ  with  diffuse  or 
mottled  haemorrhagic  areas  of  varying  color  and  greyish- 
white  spots  or  streaks  of  fat  necrosis — is  so  well  known  that 
we  may  turn  at  once  to  the  question  of  etiology.  Our 
knowledge  of  the  causes  of  pancreatitis  is  entirely  the  result 
of  experiments  having  for  their  object  the  reproduction  of 
the  condition.  Clinical  observations  have  contributed  nothing, 
and  with  the  exception  of  Opie's  observations  upon  the 
relation  of  cholelithiasis,  the  same  may  be  said  of  general 
pathological  examinations.  The  simplest  form  of  experi- 
mentation is  the  injection  into  the  pancreatic  duct  of  various 
irritating  or  supposedly  injurious  substances.  A  great  variety 
of  substances  thus  introduced  have  been  found  to  produce 
typical  haemorrhagic  pancreatitis,  usually  with  fat  necrosis. 
These  substances  are  deliquescent  zinc  chloride  (Thiroloix), 
artificial  gastric  juice  (Hlava,  Flexner  and  Pearce)  bile 
(Opie,  Flexner  and  Pearce),  papaine  (Carnot),  and  bacteria 
and  their  toxins  (Hlava,  Carnot,  Flexner).  Various  other 
substances  as  formalin,  nitric  and  chromic  acids,  and  solution 
of  caustic  alkalies,  Flexner  found  would  produce  the  same 
results.  The  disease  produced  by  these  various  agents 
usually  runs  a  rapidly  fatal  course,  though  some  animals 
may  live  for  weeks  and  present  at  death  extensive  suppura- 
tive or  sclerotic  changes.  In  some  instances  putrefactive 
micro-organisms  invade  the  injured  organ  and  cause  a 
gangrenous  pancreatitis.  If  we  study  these  various  methods 
with  the  view  of  determining  if  any  of  them  may  operate  to 
cause  the  haemorrhagic  pancreatitis  seen  in  man,  we  have 
four  possibilities:  action  of  {a)  ferments  originating  in  the 
pancreas,  {b)  bacteria,  {c)  gastric  juice,  and  {d)  bile. 

The  possibility  of  the  first  is  suggested  by  Carnot's  experi- 
ments with  papaine,  and  some  support  is  offered  by    Chiari's 
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observations  upon  autodigestion  of  the  pancreas.  According 
to  Chiari  this  change  occurs  shortly  before  death  and  may  be 
accompanied  by  multiple  small  haemorrhages.  The  destruc- 
tion of  the  parenchyma  thus  brought  about  affords  an 
opportunity  for  the  diffusion  of  the  pancreatic  ferments. 
There  is  some  evidence  that  fat  necrosis  may  be  caused  by 
the  fat  splitting  ferment  thus  liberated,  but  as  yet  we  have  no 
definite  proof  that  a  true  haemorrhagic  pancreatitis  may  result 
from  the  action  of  this  or  other  ferments  liberated  at  the 
same  time. 

Various  micro-organisms,  as  the  bacilhis  coh\  the  pneu- 
mococcus  and  the  pyogenic  cocci  have  been  found,  not 
infrequently,  associated  with  haemorrhagic  pancreatitis. 
There  has  been  no  uniformity  in  these  findings  and  most  of 
the  writers  reporting  the  results  of  bacteriological  examina- 
tions agree  that  the  organisms  represent  a  secondary  invasion 
of  injured  tissue  and  are  in  no  way  concerned  in  the  etiology 
of  the  lesion. 

That  the  gastric  juice,  as  suggested  by  Hlava  may  enter 
the  pancreatic  duct  and  produce  an  inflammation  of  the 
pancreas  presupposes  a  powerful  anti-peristaltic,  or  other 
action,  forcing  the  secretion  into  the  duct  Of  such  action 
we  have  no  definite  evidence.  Under  normal  conditions  it  is 
practically  impossible  to  force  fluids  from  the  intestine  into 
either  bile  or  pancreatic  ducts.  I  have  recently  made  some 
experiments  upon  dogs  in  order  to  determine  this  point.  The 
intestine  was  ligated  at  varying  distances  above  and  below 
the  orifice  of  the  ducts  and  distended  by  injecting  colored 
solutions  and  suspensions.  After  varying  periods  of  time, 
the  animals  were  killed,  but  no  staining  of  the  ducts  could  be 
demonstrated.  In  other  experiments  upon  the  dead  animal, 
forcible  manual  pressure  was  exerted  upon  the  similarly 
ligated  intestine  with  negative  results.  On  the  other  hand 
it  cannot  be  denied  that  under  certain  pathological  conditions 
of  the  duct  orifice,  intestinal  fluids  may  possibly  be  forced 
into  the  duct  Concerning  the  negative  action  of  the  natural 
gastric  juice  upon  pancreas  parenchyma  the  following  case 
would   appear   conclusive: 

(Records  of  the  Pathological  Department  of  the  University  of  Penn- 
sylvania; Autopsy  No.  0,148.)  The  clinical  history  of  this  case  is  brief 
and  incomplete.    The  patient,  a  negro,  aged  forty-one,  was  admitted 
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to  the  Insane  Department  of  the  Philadelphia  HospiUl  on  July  iQf 
1900,  with  a  diagnosis  of  delusional  insanity.  For  the  next  six  months 
his  condition,  apparently,  was  not  noteworthy.  "On  January  28,  1901, 
patient  seemed  to  be  rather  dull  and  was  put  to  bed"  On  February 
nth,  regurgitation  of  blood  mixed  with  milk  curds  was  observed. 
This  continued  until  his  death,  on  February  13th.  Physical  examina- 
tions revealed  a  rather  firm  mass  in  right  hypochondriac  region,  which, 
upon  palpation  caused  patient  to  complain  of  pain.  At  no  other  time 
did  he  complain  of  pain.  Temperature  normal,  pulse  about  100  and 
of  poor  volume;  no  distention  of  abdomen;  marked  constipation. 
Albumen  was  found  in  the  urine;  and  microscopically,  numerous  hya- 
lin  and  granular  casts.  The  clinical  diagnosis  was  cancer  of  the 
stomach  and  the  liver  with  chronic  nephritis. 

Autopsy—Pathological  diagnosis:  Recent  haemorrhage  in  and  about 
pancreas  and  duodenum,  chronic  gastro-pancreatic  fistula;  chronic 
interstitial  p'ancreatitis;  chronic  pulmonary  tuberculosis;  tubercolosis 
of  bronchial,  gastro-hepatic  and  retro-peritoneal  lymph  nodes;  chronic 
mitral  endocarditis;  general  chronic  passive  congestion;  chronic  dif- 
fuse nephritis  (parench3rmatous  type). 

Abdominal  cavity:  Stomach  greatly  dilated,  the  lower  margin  ex- 
tending below  the  umbilicus ;  pylorus  touching  right  costal  margin. 
Beneath  the  pylorus  and  entirely  surrounding  the  duodenum  is  a 
globular,  firm,  hemorrhagic  mass,  distinctly  encapsulated  and  resting 
on  the  upper  end  of  the  right  kidney.  The  subperitoneal  tissues 
between  the  stomach  and  the  transverse  colon  and  in  the  neighbor- 
hood of  pylorus  and  adjacent  abdominal  wall  are  infiltrated  with 
clotted  blood.  Stomach,  pancreas,  duodenum  and  transverse  colon 
with  hemorrhagic  mass  removed  entire.  Upon  opening  the  stomach 
it  is  found  to  be  normal  except  for  the  presence  of  a  small  orifice 
with  smooth  edges  four  centimeters  from  the  oesophageal  end.  The 
outer  wall  of  the  stomach  about  orifice  is  bound  to  the  pancreas 
nine  centimeters  from  its  splenic '  end  by  dense  fibrous  adhesions. 
A  probe  passed  through  the  orifice  in  the  stomach  enters  a  sinus 
leading  to  the  pancreas.  This  sinus  passes  directly  through  the  pan- 
creatic tissue.  Its  walls  are  lined  by  dens^  fibrous  tissue,  and  it  con- 
tains blood-stained  mucus-like  fluid.  The  canal  can  be  followed  for 
a  distance  of  five  centimeters.  It  then  approaches  the  surface  of  the 
pancreas  where  it  is  continuous  with  the  blood  clot  about  the  duo- 
denum. No  foreign  body  is  found  in  the  sinus.  The  splenic  end  of 
the  pancreas  for  a  distance  of  eight  centimeters  appears  normal;  the 
middle  portion  for  a  distance  of  four  and  a  half  centimeters  is 
paler  and  firmer  than  normal,  and  the  lobulations  are  not  so  distinct; 
through  the  remaining  five  centimeters  constituting  the  duodenal  end, 
the  pancreas  is  extensively  infiltrated  with  blood.  Surrounding  the 
duodenal  end  of  the  pancreas  and  completely  encircling  the  duode- 
num is  an  encapsulated  mass  of  black  clotted  blood  fourteen  centi- 
meters in  length  and  seven  centimeters  in  diameter.  The  long  diam- 
eter of  this  clot  corresponds  to  the  course  of  the  duodenum.  The 
source  of  the  haemorrhage  cannot  be  discovered.  The  pancreatic  and 
common  bile  ducts  are  patulous.    The  mucous  membrane  of  the  duo- 
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denum  is  very  thin,  blood-stained,  and  at  one  point  preients  a  small 
adherent  blood  clot  two  centimeters  in  diameter.  No  tat  necrosis. 
Histological  examination:  The  wall  of  sinus  is  composed  of  dense 
fibrous  tissue.  On  its  surface  is  a  thin  layer  of  granular  material  with 
a  few  pus  cells.  Sections  stained  by  the  Gram-Wdgert  method  show  a 
few  cocci  and  bacilli.  Scattered  through  superficial  portion  of  sinus 
wall  are  many  Ijrmphoid  and  plasma  cells  and  a  few  pol3rmorpho- 
nuclear  leucocytes.  New  blood  vessels  are  seen  throughout,  and  here 
and  there  are  small  areas  of  haemorrhage.  In  the  deeper  portions 
the  haemorrhage  is  more  diffuse,  and  here  are  seen  small  islands  of 
atrophic  pancreatic  tissue  infiltrated  by  lymphoid  cells.  From  the 
sinus  wall  coarse  bands  of  fibrous  tissue  run  into  the  substance  of  the 
pancreas,  and  divide  into  finer  lines  which  penetrate  the  pancreatic 
acini.  Sections  from  various  portions  of  the  pancreas,  at  a  distance 
from  the  sinus,  show  a  moderate  increase  of  perilobular  connective 
tissue.  The  cells  of  the  parenchyma  are  very  granular  and  stain 
poorly.  The  islands  of  Langerhans  are  prominent  and  unaltered. 
Throughout  the  duodenal  portion  extensive  haemorrhage  is  seen  in 
the  interstitial  tissue,  penetrating  in  places  the  parenchyma  which  is 
oedematous.  No  necrosis  or  exudation  is  evident.  The  splenic  por- 
tion is  free  from  haemorrhage. 

From  this  description  it  is  evident  that  in  the  early 
development  of  the  sinus  the  gastric  juice  must  have  been  in 
intimate  contact  with  the  pancreas  parenchyma  but  failed  to 
produce  a  haemorrhagic  pancreatitis.  The  haemorrhage 
into  the  duodenal  portion,  was  unaccompanied  by  acute 
changes  and  was  due  apparently  to  extension  from  the  large 
clot  about  duodenum.  The  chronic  pancreatitis  was  merely 
a  localized  process  about  the  sinus.  The  case  o£fers  strong 
evidence  against  the  possibility  of  gastric  juice  exciting  a 
typical  haemorrhagic  pancreatitis. 

The  relation  of  bile  to  acute  pancreatitis  has  received  very 
substantial  support  from  experimental  observations  and  also 
from  the  not  unusual  occurrence  of  the  lesion  with 
cholelithiasis.  The  most  important  contributions  to  this 
phase  of  the  subject  have  been  made  by  Opie,  who  has 
worked  out  the  pathogenesis  of  pancreatitis  associated  with 
gall-stones  and  by  injecting  bile  into  the  pancreatic  duct  of 
the  dog  has  produced  a  typical  inflammation  of  the  gland 
with  associated  fat  necrosis.  In  one  particularly  fortunate 
autopsy  he  found  at  the  apex  of  the  diverticulum  of  Vater 
a  small  calculus  completely  blocking  the  duodenal  orifice  but 
too  small  to  obstruct  the  orifices  of  the  common  bile  and  the 
pancreatic  duct  These  ducts  were  thus  transformed  into  a 
continuous  closed  channel  from  which  it  was  impossible    for 
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their  respective  contents  to  escape.  Upon  dissecting  the 
pancreatic  duct  it  was  found  to  be  stained  light  green 
with  bile,  indicating  that  the  slightly  greater  pressure  in 
the  bile  duct,  probably  due  to  the  contraction  of  the 
gall-bladder,  had  forced  bile  into  it  An  acute  haemor- 
rhagic  pancreatitis  with  disseminated  abdominal  fat  necrosis 
existed. 

The  same  writer  has  also  analyzed  the  reported  cases  of 
acute  pancreatitis  and  finds  that  cholelithiasis  is  very  con- 
stantly associated  with  the  haemorrhagic  and  gangrenous 
forms  of  the  lesion.  On  the  other  hand,  acute  pancreatitis 
is  a  rare  condition  as  compared  with  the  relative  frequency 
of  cholelithiasis.  In  this  connection  it  is  important  to  point 
out,  as  Opie  has  done,  that  in  only  a  small  proportion  of 
individuals  (in  about  three  out  of  ten)  are  the  anatomical 
features  such  as  to  allow  favorable  conditions  for  bile  to 
penetrate  the  pancreatic  duct.  The  ducts,  in  a  considerable 
number  of  individuals  (ten  per  cent.)  open  separately  and 
the  diverticulum  does  not  exist.  Also,  the  size  of  the 
diverticulum  bears  an  important  relation  to  the  production 
of  the  condition;  its  variation  in  length  is  from  zero  to 
eleven  millimeters;  the  average  diameter  of  the  orifice  being 
two  and  a  half  millimeters.  In  only  thirty  of  Opie's  lOO 
examinations  did  the  length  reach  five  millimeters.  Thus 
it  is  evident  that  a  stone  to  produce  obstruction  of  the 
duodenal  orifice  only,  must  be  relatively  smaller  than  the 
diverticulum,  for  otherwise  the  orifices  of  both  ducts  would 
also  be  obstructed  and  the  secretions  forced  back  upon  their 
respective  organs. 

While  cholelithiasis  is  thus  definitely  established  to  be  an 
important  factor  in  the  etiology  of  acute  pancreatitis,  it  does 
not  explain  all  cases.  Many  cases  have  been  reported  in 
which  neither  clinical  history  nor  autopsy  affords  evidence  of 
cholelithiasis,  though  it  is  noteworthy  that  since  attention  has 
been  called  to  this  association  these  cases  are  not  so  numer- 
ous. It  should  also  be  noted  in  this  connection  that  the 
stone  after  obstructing  the  papilla  orifice  and  causing  a 
pancreatitis  may  pass  into  the  intestine  and  escape  ob- 
servation, or  perhaps  pass  from  the  intestine  entirely 
A  dilatation  of  the  diverticulum  may  in  such  cases 
indicate  the  previous  resting  place  of  the  stone.  The 
following  case  would  appear  to  be  an  example  of  this  kind: 
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CUnical  abstract:  Patient  of  Dr.  W.  E.  Fay,  of  Boston,  Mass.— Robust 
woman,  aged  thirty-six,  with  history  of  occasional  sharp  attacks  of  gastro- 
enteritis after  excessive  indulgence  in  wine.  "The  mortal  attack  began  with 
a  'French'  dinner  on  Thanksgiving  Day.  Frwn  claret  she  changed  to  whis- 
key, drinking  considerable  between  November  2gKh  and  December  8th.  When 
first  seen  on  the  latter  of  these  dates  she  was  tremulous  and  sleepless,  with 
wild  look  in  the  eyes,  intense  burning  in  epigastrium  and  violent  and 
continuous  emesis.  Neither  water  nor  cracked  ice  could  be  retained. 
The  vomitus  was  green,  thin  and  acid.  After  hypodermic  use  of 
morphine  and  careful  administration  of  chloroform,  almost  steadily 
for  an  hour,  sleep  was  obtained  lasting  three  hours.  Restlessness 
then  returned,  with  frequent  hiccough,  and  ceaseless  cry  for  water, 
which  was  rejected  in  whatever  quantity  or  temperature  given.  Wash- 
ing of  stomach,  and  paraldehyde  administered  by  enema  afiforded  tem- 
porary relief.  Abdomen  was  distended.  Obstinate  constipation  was 
overcome  by  high  enemata.  Persistent  flatulence  was  present  in  both 
stomach  and  bowel,  and  considerable  pain  centering  in  the  epigastrium 
and  extending  throughout  the  abdomen.  This  condition  continued 
with  temporary  alleviations  for  nine  days  after  she  was  first  seen. 
Then,  December  17th,  slight  jaundice  was  noticed.  The  patient 
desired  nothing  but  frequent  drinks  of  milk  and  limewater.  Decem- 
ber 20th  the  patient  sitting  up  and  begins  to  eat  gruel,  but  has  no  energy. 
December  24th,  sudden  enlargement  of  right  parotid  and  adjoining  glands 
with  redness  extending  below  angle  of  jaw;  considerable  emaciation 
has  taken  place.  After  sitting  up  parts  of  two  or  three  days,  which 
was  agreeable  to  her,  there  was  increase  of  tenderness  throughout 
the  abdomen.  Temperature  rose  to  loi  degrees.  Distention  was 
constant,  free  fat  appeared  in  the  urine;  sugar  was  present  The  patient 
sank  rapidly  and  died  on  the  30th." 

Autopsy,  performed  six  and  one-half  hours  after  death. 

Anatomical  diagnosis:  Haemorrhagic  and  gangrenous  pancreatitis 
with  fibrinous  peritonitis  and  accumulation  of  grumous  fluid  in  peri- 
toneal cavity.  Multiple  fat  necroses  of  omentum,  mesentery,  epiploic 
appendages  and  subperitoneal  fat  generally.  Acute  duodenitis  with 
dilation  of  orifice  of  duodenal  papilla.  Localized  dilatation  of  com- 
mon bile  duct.  Dilatation  of  pancreatic  duct  Fatty  degeneration  of 
heart,  liver  and  kidneys.  Abdomen — ^Excessive  amount  of  subcu- 
taneous fat.  Omentum,  mesentery,  epiploic  appendages  and  abdominal 
fat  generally  closely  studded  with  round  or  oval  gre3rish-white  areas 
two  to  five  millimeters  in  diameter  and  distinctly  circumscribed.  Many 
of  the  greatly  enlarged  epiploic  appendages  (3  x  1.5  cm.)  are  entirely 
necrotic  In  pelvis  and  both  flanks  is  a  thin  greyish-red  greasy  fluid 
containing  small  black  shreds  of  friable  material.  Omentum  is  glued 
to  anterior  abdominal  wall  by  a  blood-stained  fibrinous  exudate.  A 
similar  exudate  covers  the  coils  of  the  small  intestine.  The  position 
of  the  pancreas  is  occupied  by  a  soft  friable,  irregular  reddish-black 
mass  4  X  1.5  centimeters,  freely  moveable.  The  cavity  in  which  this 
mass  lies  is  lined  by  reddish-black  necrotic  tissue,  which  adhere  in 
places  to  colon  and  stomach.  The  mass  on  section  shows  at  splenic 
end  irregular  areas  of  greyish  pancreatic  tissue  separated  by  dark  red 
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lines  of  haemorrhage  and  necrosis.  Elsewhere  it  is  uniformly  necrotic 
Duodenum — Contains  material  similar  to  that^about  pancreas  and  its  mucosa 
is  injected.  The  orifice  of  papilla  is  dilated  and  in  the  duct  one  centimeter 
from  the"  orifice  occurs  a  circular  dilatation  with  smooth  walls,  one 
and  five-tenths  centimeters  in  circumference.  No  calculi  are  found  in 
gall-bladder,  ducts  or  intestine.  The  pancreatic  duct  is  dilated  and 
separated  from  the  pancreas;  a  probe  from  duodenal  end  passing 
directly  into  the  cavity  about  the  gangrenous  pancreas.  Bacillus  coli  was 
found  in  the  necrotic  material  about  the  pancreas. 

While  this  case  is  not  conclusive,  in  as  much  as  the  stone 
was  not  found,  the  anatomical  condition  indicates  that  a 
calculus,  at  some  time,  was  lodged  in  the  common  duct  and 
the  possibility  of  later  occlusion  of  the  papilla  with  final  dis- 
charge of  the  stone  is  evident. 

The  Sequence  of  Histological  Changes  in  Hcemorrhagic  Pan- 
creatitis. — Much  discussion  has  arisen  concerning  the  prece- 
dence and  succession  of  the  three  principal  phenomena — 
haemorrhage,  necrosis  and  exudation.  Katz  and  Winkler 
believe  that  the  necrosis  follows  haemorrhage  and  is  the 
direct  result  of  injury  produced  by  the  extravasated  blood. 
Hlava  found  extensive  occlusion  of  the  blood  vessels  after 
acid  injection  and  considered  it  to  be  the  cause  of  both 
necrosis  and  haemorrhage.  Opie  found  haemorrhage  inti- 
mately associated  with  necrosis  and  followed  only  secondarily 
by  inflammatory  changes.  From  his  earlier  experiments 
Flexner  drew  the  conclusion  that  haemorrhage  and  necrosis 
are  the  result  of  the  simultaneous  action  of  the  injurious 
agent  upon  blood  vessels  and  tissue,  and  that  they  occur 
coincidentally.  In  a  later  series  of  experiments  by  Dr. 
Flexner  and  myself  an  attempt  was  made  to  definitely  settle 
these  mooted  points.  Dogs  under  choretone  narcosis 
received  injections  of  one  to  two  per  cent,  solutions  of 
hydrochloric  acid  into  the  duct  and  directly  into  the  paren- 
chyma of  the  pancreas.  Small  portions  of  the  organ  were 
removed  after  periods  varying  from  thirty-five  minutes  to 
eight  hours  and  examined  histologically.  It  was  found  that 
haemorrhage,  hyalin  necrosis  and  exudation  of  fluid  and 
leucocytes  could  be  readily  demonstrated  in  tissue  removed 
one  hour  after  injection.  Sections  taken  at  the  end  of  eight 
hours  represented  the  pathological  process  at  its  height 
That  these  lesions  are  correlated  in  the  pancreas  may  there- 
fore be  considered  as  demonstrated. 

At  the  same  time  in  order  to  determine  the  effect    of    red 
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blood  corpuscles  upon  the  pancreatic  tissue,  a  condition 
analagous  to  haemorrhage  was  brought  about  by  the  injection 
of  sterile  defibrinated  dog's  blood  through  the  duct  and 
directly  into  the  parenchyma.  Such  injections  did  not  set  up 
an  acute  pancreatitis  but  were  followed  by  chronic  proliferative 
changes.     Similar  injections  of  dog's  serum  were  negative. 

Gangrerums  Pancreatitis. — Experimental  and  post-mortem 
observations  both  indicate  that  in  the  majority  of  cases 
gangrenous  pancreatitis  is  secondary  to  an  acute  hemor- 
rhagic inflammation  of  the  organ.  The  tissue,  primarily  the 
seat  of  haemorrhage,  necrosis  and  inflammation  readily 
becomes  gangrenous  under  the  influence  of  putrefactive 
micro-organisms  invading  it  from  the  Tntestinal  canal.  The 
association  of  hemorrhage  and  gangrene  frequently  seen  at 
autopsy  was  first  emphasized  by  Fitz,  who  also  recognized 
however  the  possibility  of  the  lesion  originating  from  per- 
forating inflammation  of  the  gastro-intestinal  canal  or  of  the 
biliary  passages. 

In  the  series  of  experiments  by  Dr.  Flexner  and  myself, 
two  examples  of  gangrenous  pancreatitis  following  acid  and 
bile  injections  respectively,  occurred.  Death  occurred  in 
each  instance  in  less  than  twenty-four  hours,  and  the  gan- 
grenous portions  of  the  pancreas  were  studded  with 
emphysematous  blebs.  Films  showed  bacilli  having  the 
morphology  of  B.  aerogenes  capsulatus.  Futhermore,  gan- 
grenous pancreatitis  has  the  same  relation  to  cholelithiasis  as 
has  the  haemorrhagic  form.  In  Opie's  table  of  thirty-seven 
cases  of  acute  pancreatitis  associated  with  cholelithiasis,  eight 
are  described  as  haemorrhag^'c  and  gangrenous  and  thirteen 
as  'gangrenous.  Disseminated  fat  necrosis  is  a  striking 
feature  of  this  lesion. 

Suppurative  Pancreatitis. — Suppurative  inflammation  of  the 
pancreas,  unlike  the  haemorrhagic  and  gangrenous  forms, 
does  not  differ  essentially  from  that  of  other  organs.  It  may 
be  primary  or  secondary.  The  relation  of  the  pancreas  to 
the  intestine  allows  the  possibility  of  infection  through  the 
duct,  while  lesions  of  adjacent  hollow  viscera  may  extend 
directly  or  as  the  result  of  perforation.  In  general  infection 
of  the  blood,  pyaemic  abscesses  may  develop  in  the  pancreas 
as  in  other  organs.  Direct  extension  of  an  infectious 
pylephlebitis  may  also  occur.  These  lesions  are  seldom 
accompanied  by  extensive  necrosis,   haemorrhage  or  dissemi- 
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nated  fat  necrosis.  The  accumulation  of  pus  is  not  diffuse 
but  occurs  usually  as  localized  abscesses.  Haemorrhage 
and  necrosis  if  present  are  generally  focal  in  character,  sug- 
gesting the  local  action  of  an  irritant  Rarely  the  pancreas 
may  be  entirely  destroyed  and  appear  as  a  sequestrum  in  a 
pus  cavity.  Experiments,  especially  those  of  Flexner,  show 
that  abscesses  of  the  pancreas  may  follow  the  injection  of 
various  fluids,  as  weak  solutions  of  hydrochloric,  sulphuric 
and  nitric  acids,  sodium  hydrate  and  suspensions  of  the  B. 
pyocyaneus.  In  these  experiments  we  have  evidently  a 
primary  necrosis  due  to  the  irritant  and  a  secondary  invasion 
by  micro-organisms.  K5rte,  in  a  few  instances,  produced 
abscesses  by  injecting  pus  containing  a  bacillus  of  the  colon 
group.  These  experimental  lesions  are  seldom  accompanied 
by  fat  necrosis.  A  study  of  the  lesion  in  man  and  of 
the  experimental  findings  indicates  that  this  suppurative  form 
of  pancreatitis  is  due  to  some  local  influence  causing  limited 
necrosis  and  suppuration.  There  is,  however,  some  evidence 
that  duct  obstruction  may  rarely  lead  to  the  condition 
probably  in  that  it  favors  the  entrance  of  bacteria.  In 
Opie's  table,  previously  quoted,  "purulent  pancreatitis" 
occurred  in  four  of  forty-one  cases  complicated  by 
cholelithaisis.  The  common  duct  in  only  one  of  these,  how- 
ever, contained  a  stone.  The  following  case  illustrates 
suppuration  of  the  pancreas  with  fat  necrosis,  accompanying 
cancer  of  the  diverticulum  and  cholelithiasis: 

Records  of  the  Bender  Laboratory,  Autopsy  No.  0,676,  Clinical  abstract: 
The  individual,  a  male  aged  seventy-three,  patient  of  Dr.  A.  W. 
Elting,  was  admitted  to  the  Albany  Hospital  on  August  24,  1903,  with 
a  history  of  hepatic  colic  which  began  on  August  15th.  Since  May  ist 
he  had  suffered  from  gastric  distress,  nausea  and  dull  pain  in  region 
of  stomach,  and  had  lost  in  strength  and  weight.  Physical  examination 
reveals  a  jaundiced,  emaciated,  feeble  individual  with  evidence  of 
arterio-sclerosis,  enlarged  heart  and  emphysema  of  the  lungs.  Upon  pal- 
pation of  abdomen  a  distinct  irregular  tumor  mass  was  felt  in  the 
epigastrium;  deep  pressure  elicited  some  tenderness.  During  patient's 
sojourn  in  the  hospital  there  was  slight  change  in  his  condition.  The 
jaundice  continued  and  nausea  after  the  taking  of  food  persisted. 
The  pain  subsided.  Physical  examination  revealed  nothing  new. 
Emaciation  and  weakness  progressed  rapidly,  and  death  occurred  on 
September  nth. 

Autopsy,  by  Dr.  A.  T.  Laird,  twelve  hours  after  death. 

Anatomical  diagnosis:  Cancer  of  the  diverticulum  of  Vater  with 
ulceration  of  duodenum  and  metastases  in  liver;  dilatation  of  common 
duct  and  gall-bladder;  cholangitis,  gallstones  free  in  colon;  jaundice; 
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multiple  abscesses  of  head  of  pancreas;  peripancreatic  izt  necrosis;  hem- 
orrhage into  intestine;   arterio-sclerosis. 

The  individual  is  extremely  emaciated  and  jaundiced.  In  duodenum, 
about  one  and  a  half  centimeters  above  duodenal  papilla,  is  a  cir- 
cular ulcer  three  .centimeters  in  diameter  with  irregular  edges  and 
firm  indurated  bile-stained  base.  The  base  of  the  ulcer,  five  milli- 
meters in  thickness,  rests  upon  the  head  of  the  pancreas  to  which  it 
is  intimately  adherent  and  upon  indurated  lymph  nodes.  The  tissues 
beneath  the  papilla  are  infiltrated  by  a  dense  greytsh-white  diffuse 
growth  of  new  tissue.  The  duodenal  papilla  is  prominent  and  r«sts 
on  the  indurated  mass  below  it;  4>ile  readily  flows  from  its  orifice  on 
forcible  pressure  of  gall-bladder.  Common  duct  is  slightly  dilated. 
Gall-bladder  measures  ten  centimeters  in  length  and  is  distended  with 
thick  fluid  bile,  no  calculi  present.  Liver  is  of  a  dark  uniform  green- 
ish color,  and  bile  ducts  are  distended  with  thick  bile.  Scattered 
throughout  the  organ  are  numerous  greyish-white  firm  areas,  one- 
half  to  two  centimeters  in  diameter,  of  fairly  definite  outline. 
Pancreas  measures  fourteen  centimeters  in  length.  The  duodenal 
end  for  a  distance  of  five  centimeters  is  irregularly  swollen.  On  sec- 
tion a  yellowish  purulent  fluid  escapes  and  the  cut  surface  presents 
numerous  abscesses  of  varying  size  with  thin  trabeculated  walls.  The 
middle  portion  of  the  organ  is  firmer  than  normal.  Splenic  end  is 
unaltered.  Duct  patent  though  its  proximal  portion  is  surrounded  by 
the  new  growth.  Peripancreatic  fat  presents  numerous  distinctly 
circumscribed  yellowish  opaque  areas.  The  small  intestine  is  blood- 
stained throughout  its  length  and  contains  an  accumulation  of  blood, 
fluid  and  clotted.  A  lesser  amount  of  blood  is  found  in  the  large 
intestine.  The  source  of  the  haemorrhage  is  apparently  the  ulcer  in 
the  duodenum.  In  the  lower  portion  of  the  discending  colon  are 
found  two  smooth  facetted  calculi  composed  of  cholesterin  and  inspis- 
stated  bile.  Histological  examination  shows  a  cancer  about  and 
involving  the  diverticulum  and  the  common  duct  with  extension  to 
the  duodenum  and  to  the  head  of  the  pancreas  and  with  metastases 
in  the  liver.  The  head  of  the  pancreas  is  the  seat  of  advanced  peri- 
lobular pancreatitis,  in  the  midst  of  which  are  numerous  abscesses. 
These  abscesaes  are  chronic  in  character,  and  contain  much  necrotic 
material  and  zoogloea  of  large  thick  bacilli.  The  tail  of  the  pancreas 
is  the  seat  of  a  slight  perilobular  pancreatitis.  Typical  fat  necroses 
are  numerous.  The  ducts  are  dilated  and  contain  an  accumulation  of 
mucous  and  desquamated  epithelial  cells. 

Faf  Necrosis. — This  condition  is  so  constantly  a  comcomi- 
tant  of  acute  pancreatitis  and  its  elucidation  so  entirely  the 
result  of  experimentation  that  a  consideration  of  the  experi- 
mental lesions  of  the  pancreas  would  be  incomplete  without 
reference  to  it.  Haemorrhagic  and  gangrenous  pancreatitis, 
as  they^  occur  in  man  or  as  the  result  of  experiment, 
are  generally  accompanied  by  this  peculiar  lesion* of  the 
fat    tissue.      Rarely    it  occurs   in  connection  with    suppura- 
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tive  lesions,  and  occasionally,  as  will  be  pointed  out  later, 
with  chronic  interstitial  pancreatitis.  The  characteristic 
appearance  is  that  of  small  round  or  oval  areas  white 
or  greyish-white  in  color  and  usually  sharply  circum- 
scribed. Microscopic  examination  shows  these  areas  to 
be  composed  of  necrotic  fat  cells.  In  early  necroses  fatty 
acid  crystals  may  be  demonstrated.  These  areas  are  found 
most  abundantly  in  the  neighborhood  of  the  pancreas  and 
are  usually  limited  to  the  abdominal  fat,  but  they  may  be 
widely  disseminated  and  appear  in  the  fat  beneath  the  peri- 
cardium and  the  pleura,  in  the  subcutaneous  fat  and  in  the 
marrow  of  long  bones.  Fitz  first  suggested  that  fat  necrosis 
is  the  result  of  a  lesion  of  the  pancreas,  but  to  Langerhans 
belongs  the  credit  of  first  demonstrating  the  essential  nature 
of  the  process.  By  chemical  and  histological  studies  he 
showed  that  the  changes  within  the  fat  cells  are  associated 
with  the  splitting  of  the  fat  molecule  into  its  fatty  acid  and 
glycerine.  The  glycerine  is  absorbed  and  the  acids  are 
deposited  in  the  cells  as  needle-like  crystals.  The  cell  loses 
its  nucleus  and  is  apparently  necrotic.  Later,  chronic  pro- 
liferative changes  occur  about  the  areas.  Leucocytes  may 
enter  the  necrotic  fat  but  when  numerous,  indicate  invasion 
by  bacteria.  Although  bacteria  have  been  frequently  found 
in  these  necroses  they  are  not  concerned  in  the  production 
of  the  lesion  and  must  be  considered  as  secondary  invaders. 
Instances  in  which  the  injection  of  bacteria  into  the  pan- 
creatic duct  has  resulted  in  the  necrosis  of  fat  are  to  be 
explained  by  the  setting  free  of  pancreatic  ferments  as  the 
result  of  injury  to  or  inflammation  of  the  gland. 

The  first  experimental  proof  of  the  relation  of  fat  necrosis 
to  pancreatic  ferments  was  offered  by  Langerhans,  who 
injected  suspensions  of  the  comminuted  pancreas  of  the  rabbit 
and  dog  into  the  perineal  fat  of  the  rabbit.  One  of  his 
thirteen  experiments  was  successful  and  he  concluded  that 
these  necroses  are  due  to  the  action  of  the  fat  splitting  fer- 
ment of  the  pancreatic  juice.  Jung  obtained  similar  results 
by  introducing  portions  of  the  fresh  pancreas  of  one  animal 
into  the  adbominal  cavity  of  another;  Hildebrand  and 
Dettmer,  Williams,  Whitney,  Flexner,  Milisch,  Korte  and 
Opie  have  obtained  similar  results  by  various  injuries  allow- 
ing the  escape  of  the  pancreatic  juice  into  the  adjacent  fat 
and    the    peritoneum.     Their    methods   include    ligation    of 
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ducts  and  vessds;  ligation,  laceration  and  incision  of  the 
parenchyma;  and  excision  of  portions  of  the  organ.  The 
experiments  of  Hlava,  Korte,  Oser,  Opie,  Flexner  and 
Pearce,  in  which  an  acute  pancreatitis,  usually  hemorrhagic, 
has  followed  the  injection  of  various  substances  as  acids, 
alkalies,  gastric  juice,  bile,  bacteria,  etc.,  have  also  caused 
the  appearance  of  fat  necrosis.  In  these  experiments  the 
fat  necroses  are  not  due  to  the  substance  injected  but  to 
lesions  of  the  pancreas  which  allow  an  escape  of  the  pan- 
creatic juice.  The  final  link  in  this  chain  of  experimental 
evidence  was  Flexner's  demonstration,  by  chemical  test,  of 
the  presence  of  a  fat  splitting  ferment  in  the  necrotic  foci. 
Portions  of  the  necrosed  foci,  from  both  human  and  experi- 
mental cases,  when  brought  in  contact  with  neutral  butter  fat 
caused  a  splitting  of  the  fat  with  the  freeing  of  fatty  acids 
recognizable  by  their  odor  and  reaction. 

It  has  been  claimed  by  some  writers,  especially  by  Oser, 
that  the  presence  of  a  fat  splitting  ferment  will  not  explain 
the  widely  disseminated  necroses,  such  as  occur  in  the  sub- 
pericardial,  sub-pleural,  and  sub-cutaneous  fat.  Opie  has, 
however,  in  a  series  of  duct  ligations  demonstrated  by  Flex- 
ner's  method  the  presence  of  the  fat  splitting  ferment  in  the 
distant  necroses  of  the  subcutaneous  and  subpericardial  fat 
as  well  as  in  the  peri-pancreatic  foci.  The  diffusion  of  the 
ferment  in  these  experiments  he  also  found  was  hastened 
when  the  secretory  activity  of  the  pancreas  was  stimulated  by 
injection  of  pilocarpine. 

Wells  {Journal  of  Medical  Research^  ^QOJt  ix.,  yo)  has 
found  that  commercial  **pancreatin"  will  produce  typical  fat 
necrosis,  but  that  this  power  is  lost  after  heating  for  five  min- 
utes at  some  point  between  sixty-five  and  seventy-one  degrees 
centigrade.  Its  power  to  produce  fat  necrosis  decreases 
proportionally  as  the  temperature  is  raised  above  fifty-five 
degrees  Centigrade.  These  observations  indicate  an  enzyme 
action  as  the  source  of  the  lesion.  He  was  unable,  however, 
to  determine  which  of  the  pancreatic  enzymes  causes  fat 
necrosis,  and  could  not  produce  fat  necroses  with  the  lipolytic 
extracts  of  hog's  liver  or  cat's  serum  used  either  alone  or  in 
combination  with  trypsin.  He  thinks  it  possible  that  the 
lipase  causes  fat  sph^tting  after  some  other  ingredient  of  the 
pancreatic  juice  has  injured  the  cell;  fat  splitting  is  subse- 
quent to  the  necrosis  and  not  its  cause.     The  lipase  normally 
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in  fat  tissues  exerts  no  fat  splitting  effect  upon  necrotic  fat 
if  the  latter  be  preserved  from  external  influences.  Foci  of 
fat  necrosis  became  visible  to  the  naked  eye  three  to  five 
hours  after  the  application  of  "pancreatin'*  and  were  found  out- 
side the  abdominal  cavity  as  early  as  twelve  hours  after  intra- 
peritoneal injection. 

In  considering  the  application  of  the  results  of  experi- 
mental fat  necrosis  to  the  lesion  as  seen  in  man,  it  must  be 
borne  in  mind  that  fat  necrosis  bears  the  same  relation  to 
obstruction  of  the  pancreatic  ducts  as  jaundice  does  to 
hepatic  obstruction.  Obstruction  to  the  outflow  of  the 
pancreatic  secretion  causes  its  diffusion  into  the  surrounding 
tissues  (Opie).  The  escape  of  the  ferment  in  the  acute 
lesions  of  the  pancreas  is  readily  explained  by  obstruction  or 
destruction  of  the  finer  ducts  or  by  injury  to  the  parenchyma. 
On  the  other  hand  either  temporary  or  permanent  obstruction 
of  the  duct  of  Wirsung  by  calculi  or  by  cancer  may  be 
accompanied  by  fat  necrosis.  Usually  other  lesions  exist  as 
suppurative  or  chronic  pancreatitis  but  in  a  few  cases,  as 
those  reported  by  Fraenkel  (stone  in  diverticulum)  and  by 
Flexner  (stones  in  common  duct)  no  lesion  of  the  pancreas 
was  found.  There  can  be  little  doubt  that  in  these  cases  the 
calculus  causes  compression  of  the  pancreatic  duct  and  an 
accumulation  of  secretion  which  finally  becomes  diffused  into 
the  adjacent  tissues. 

The  following  case  would  appear  to  belong  in  this  group. 
A  chronic  atrophic  cholecystitis  with  atrophy  of  the  bile 
ducts  and  adhesions  to  head  of  pancreas  apparently  caused 
pressure  upon  the  pancreatic  duct 

Records  of  the  Bender  Laboratory^  Autopsy  No,  0JS14,  Autopsy  by 
Dr.  A.  T.  Laird,  seven  and  one-half  hours  after  death;  female,  aged 
forty-two. 

Anatomical  diagnosis:  Extensive  syphilitic  ulceration  of  nose  and 
palate,  oedema  of  lungs,  hydrothorax,  chronic  cholecystitis  with  almost 
complete  obliteration  of  gall-bladder  and  ducts,  fat  necrosis  of  pan- 
creas. The  gall-bladder  is  greatly  atrophied  and  lies  in  a  mass  of 
dense  fibrous  adhesions  which  bind  it  to  the  duodenum  and  the  head 
of  the  pancreas,  and  which  also  surround  and  penetrate  the  foramen  of 
Winslow.  The  cavity  of  the  gall-bladder  measures  but  two  centi- 
meters in  diameter.  The  pancreas  measures  17x4x2  centimeters. 
At  its  head,  the  capsule  is  much  thickened  by  adhesions  binding  it 
to  the  gall-bladder  and  to  the  duodenum.  Over  its  entire  surface 
numerous  greyish-yellow  opaque  areas,  not  extending  into  pancreatic 
tissue,  are  seen.    The  consistence  of  the  pancreas  is  normal. 
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Histological  examination  of  the  pancreas  reveals  numerous  fat  necro- 
ses, and  dilated  ducts  filled  with  hyaline  and  granular  material,  desqua- 
mated cells  and  a  few  polymorphonuclear  leucocytes.  The  latter  also, 
to  a  moderate  degree,  infiltrate  the  walls  of  the  larger  ducts.  No  inflamma- 
tion of  the  parenchyma  proper  is  evident.  The  islands  of  Langerhans 
are  unaltered. 

The  following  accidental  finding  in  a  dog  indicates  that  fat 
necrosis  may  follow  a  simple  thickening  of  the  orifice  of  the 
duct: 

"Dog  84r~weight  8650  gramms.— Isolated  February  6th.— Urine  nor- 
mal on  February  7th  and  8th.  Killed  on  February  12th  for  purpose 
of  obtaining  organs  for  injections  in  connection  with  cytolytic  work. 
All  organs  normal  except  pancreas,  the  capsule  of  which  is  studded 
with  numerous  small  greyish-yellow  jareas  of  definite  outline  and  of 
firmer  consistence  than  surrounding  pancreatic  tissue.  No  evidence 
of  acute  or  chronic  inflammation.  No  fat  necroses  of  abdominal  fat 
elsewhere.  No  obstruction  of  the  duct  is  found.  The  papilla  of  duo- 
denum, however,  appears  as  a  distinctly  elevated,  swollen,  greyish- 
yellow  ring;  a  sharp  contrast  to  the  normal  appearance.  A  fine  probe 
passes  readily  into  the  duct.  The  second  pancreatic  duct  is  not  found. 
The  orifice  of  bile  duct,  lying  one  and  a  half  centimeters  above 
pancreatic  duct,  can  be  located  only  by  forcing  bile  from  the  gall- 
bladder. Histological  examination  shows  fat  necroses,  chronic  in 
character;  pancreas  otherwise  normal." 

Finally,  as  pointed  out  by  Opic,  we  have  fat  necroses  asso- 
ciated with  cases  of  chronic  intestitial  pancreatitis  in  which 
duct  obstruction  by  calculi  is  not  present.  Here  it  is  proba- 
ble that  the  newly  formed  fibrous  tissues  contracts  about 
the  smaller  ducts,  constricts  them,  and  allows  an  accumula- 
tion of  secretion  which  finally  diffuses  into  the  adjacent 
tissues.  These  necroses  are  most  apt  to  be  parapancreatic. 
I  have  found  two  examples  of  this  condition  in  the  autopsy 
reports  of  the  Bender  Laboratory;  in  one  associated  with 
localized  chronic  interstitial  pancreatitis,  in  the  other  with 
atrophy  and  lipomatosis.  Macroscopic  evidence  of  duct 
obstruction  did  not  exist.     These  reports  are  as  follows: 

No,  0,223,    Autopsy  twelve  hours  after  death.    Male,  aged  forty  nine. 

Anatomical  diagnosis:  Acute  follicular  duodenitis  and  ileitis;  acute 
swelling  of  spleen  and  mesenteric  lymph  nodes;  fatty  degeneration  of 
liver;  arterio-sclcrosis;  atrophy  of  pancreas  with  lipomatosis,  auto- 
digestion  and  foci  of  fat  necrosis;  general  infection  with  the  bacillus 
of  Friedlander.  The  pancreas  appears  to  be  of  normal  size,  but  much 
of  the  parenchyma  is  replaced  by  diffuse  masses  of  fat  tissue.  On 
section  small  islands  of  pancreas  are  seen  widely  separated  by  fat 
tissue.  This  change  is  most  marked  at  splenic  end  where  little  pan- 
creatic tissue   remains.    The   parenchyma  in   some  areas  is  whiter 
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and  softer  than  normal,  and  in  other  places  presents  a  reddish-brown 
appearance,  suggesting  minute  haemorrhages.  On  the  surface  and  on 
section  several,  minute,  opaque  white  points  suggesting  fat  necrosis 
are  seen.  No  calculi  are  found  in  the  ducts;  the  vessels  present  a  few 
small  areas  of  atheroma. 

Histological  examination  shows  small  islands  of  pancreas  widely 
separated  by  adipose  tissue,  slight  self-digestion  of  these  areas,  and 
typical  foci  of  fat  necrosis  with  minute  haemorrhages.  The  inter- 
lobular connective  tissue  is  increased  in  amount;  the  small  ducts 
dilated  and  some  acini  appear  as  duct-like  spaces  with  flattened  epi- 
thelium and  contain  a  finely  granular  material.  In  some  islands  these 
altered  acini  are  very  abundant  and  apparently  indicate  atrophy  from 
pressure  within  the  lumen.    The  islands  of  Langerhans  are  unaltered. 

No.  0.382.    Autopsy  ten  hours  after  death.    Male,  aged  sixty  three. 

Anatomical  diagnosis:  Arteriosclerosis,  hypertrophy  and  dilatation 
of  heart;  general  passive  congestion;  oedema;  double  hydrothorax; 
thrombus  of  right  auricular  appendage;  multiple  infarcts  of  lungs; 
fat  necrosis  of  pancreas.  Pancreas  twenty  centimeters  long.  Twelve 
centimeters  from  the  tail,  over  an  area  two  and  a  half  centimeters 
in  diameter,  the  capsule  is  greatly  thickened;  beneath  the  capsule  the 
pancreas  presents  a  congested  area  containing  many  small  yellowish- 
white  areas  of  soft  cheese-like  consistence.  A  few  similar  areas  are  found 
elsewhere  in  the  pancreas. 

Histological  examination  reveals  a  slight  localized  interlobular  pan- 
creatitis, with  typical  fat  necrosis. 

It  is  possible  that  the  first  of  these  cases  belongs  to  the 
group  described  by  Chiari,  in  which,  in  his  opinion,  self  diges- 
tion of  the  pancreas  occurs  shortly  before  death  as  an  agonal 
change  and  allows  the  escape  of  the  fat  splitting  ferment  and 
the  development  of  fat  necrosis  with  associated  minute 
haemorrhages.  That  fat  necroses  may  develop  very  quickly 
is  shown  in  one  of  the  experiments  of  the  series  carried  out 
by  Dr.  Flexner  and  myself,  in  which  necroses  were  evident 
eight  hours  after  injection  of  a  one  per  cent  solution  of 
hydrochloric  acid  into  the  pancreatic  duct.  Wells  has 
observed  their  occurrence  three  to  five  hours  after  the  applica- 
tion of  "pancreatin." 

The  theory  that  postmortem  digestion  of  the  pancreas 
may  set  free  the  pancreatic  secretion  and  allow  the 
development  of  fat  necrosis  has  little  evidence  to  support  it. 
In  connection  with  these  agonal  necroses  Opie  'believes  it 
is  possible  that  shortly  before  death,  owing  to  alterations  in 
the  character  of  the  pancreatic  juice,  it  may  become  thick 
and  viscid,  in  consequence  of  which  it  flows  slowly.  Stagna- 
tion and  slight  diffusion  of  the  secretion  may  result  and  cause 
the  insignificant  necroses  occasionally  seen. 
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SYMPOSIUM    ON   DIABETES* 

I.     THE  PATHOLOGY  OF  DIABETES. 

By  RICHARD  M.   PEARCE.  M.  D., 
Direetor  of  the  Bender  Hygieiiic  Laboratory,  Albany,  N.  T. 

As  it  will  be  impossible  in  the  short  time  at  my  disposal 
to  cover  all  phases,  many  of  them  little  understood,  of  the 
pathology  of  diabetes ;  and  as  the  questions  of  chemistry  and 
metabolism  are  to  be  discussed  by  Dr.  Edsall  who  has 
specialized  in  these  fields,  I  have  determined  to  limit  my 
remarks  to  a  consideration  of  the  pathology  of  that  form  of 
permanent  diabetes,  which,  in  the  light  of  recent  investiga- 
tions, appears  to  be  dependent  upon  lesion   of    the  pancreas. 

We  may  for  the  moment  disregard  the  various  forms  of 
temporary  glycosuria,  variously  known  as  alimentary,  nervous, 
renal)  and  hepatic  glycosuria  and  devote'  our  attention 
to  the  permanent  form,  which,  owing  to  its  obscure 
etiology  and  the  severe  nutritional  disturbances  by  which  it 
is  accompanied,  the  difficulties  of  treatment  and  the  univers- 
ally fatal  termination  has  been  the  object  of  constant  obser- 
vation and  investigation. 

The  literature  of  diabetes  is  replete  with  hypotheses  and 
theories  of  the  most  divergent  and  conflicting  character;  but 
throughout  this  literature  may  be  seen  the  tendency  to 
associate  diabetes  with  an  altered  physiology  of  the  pancreas. 
This  is  due  undoubtedly  to  the  important  function  which  this 
organ  plays  in  the  metabolism  of  carbohydrates,  but  also  in 
no  small  degree  to  the  frequency  with  which  gross  lesions 
of  the  pancreas  are  found  in  persons  dying  of  the  disease. 
Thus  of  the  early  English  cases,  Cawleyf  (1788),  reports 
pancreatic  calculus  with  atrophy  of  the  gland;  Bright  (1833), 
cancer  of  the  head  of  the  pancreas  with  duct  obstruction  and 

*  Part  of  A  Sympoihim  on  Dlabetee,  read  before  the  New  York  State  Medical  Society  at 
Albany,  January  M,  liXM. 

t  Aa  the  Uteratore  of  diabetes  hat  been  so  recently  collected  by  Opie  in  his  book,  Diaeaaea 
of  the  Panereaa,  a  work  which  haa  been  fkeely  need  in  the  preparation  of  thia  iommary,  I  hare 
BOt  attached  a  bibliography. 
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consequent  atrophy.  The  first  definite  statement  of  such  a 
relation  appears  to  be  that  of  Bouchardat  (1785),  which 
received  considerable  support  from  both  French  and  English 
writers.  General  support,  however,  was  lacking,  and  the 
German  medical  world  especially,  did  not  concur  until  the 
publication  of  the  convincing  extirpation  experiments  of 
V.  Mering  and  Minkowski.  In  these  experiments  it  was 
found  that  complete  removal  of  the  pancreas  is  followed 
always  by  a  definite  diabetes  of  severe  grade.  Glycosuria 
appears  as  early  as  six  hours  after  the  operation;  the  sugar 
gradually  increasing  until  the  third  day  when  it  is  usually 
about  eight  or  ten  per  cent,  though  twenty-two  per  cent 
(Hedon)  has  been  observed.  Towards  the  end,  these  high 
percentages  fall,  and  as  the  sugar  reaches  its  minimum, 
diacetic  acid,  acetone  and  oxybuturic  acid  appear  in  the 
urine.  The  other  symptoms  of  diabetes  are  present,  as 
hunger,  thirst,  and  loss  of  weight  The  animals  ultimately 
succumb  after  varying  periods  of  progressive  emaciation  and 
weakness.  A  repetition  of  these  experiments  upon  a  variety 
of  animals  has  yielded  uniformly  concordant  results.  In 
birds  glycosuria  does  not  occur  but  the  blood  shows  a  con- 
siderable increase  in  its  sugar  content  (hyperglycemia). 
Diet  has  but  a  slight  modifying  effect.  While  the  maximum 
sugar  elimination  naturally  occurs  with  a  carbohydrate  diet, 
an  albuminous  diet  does  not  reduce  it  below  five  or  six  per 
cent,  while  fasting  for  seven  days  does  not  cause  its  entire  dis- 
appearance. Moreover,  it  was  found  that  if  one-fourth  or  one- 
fifth  of  the  pancreas  was  allowed  to  remain  diabetes  did  not  re- 
sult;  nor  did  it  result,  if  after  complete  extirpation,  a  portion  of 
the  pancreas  was  transplanted  subcutaneously.  These  experi- 
ments demonstrated  conclusively  a  specific  relation  between 
some  function  of  the  pancreas  and  carbohydrate  metabolism. 
What  this  function  might  be,  or  what  changes  in  the 
pancreas  might  disturb  its  equilibrium  was  not  clear.  It 
was  evident,  however,  that  it  could  be  explained  only  by  an 
internal  secretion,  for  no  disturbance  followed  ligation  of  the 
duct  Furthermore  it  was  evident  that  no  other  organ  could 
vicariously  assume  this  function  of  the  pancreas. 

Stimulated  by  these  experiments,  interest  in  the  pancreas 
was  renewed  and  as  a  result  much  data  concerning  the 
pathology  of  the  pancreas  of  diabetes  came  to  hand.  Seegen, 
Hansemann,  Dieckhoff  and  Williamson  reported  the  results 
of  large  series  of  cases.      In  these,  as  well  as  in  those  previ- 
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onsly  reported  by  Windlc,  Frerichs  and  White,  definite 
lesions  of  the  pancreas  occurred  in  a  very  large  proportion  of 
the  cases.  This  relation  is  strikingly  shown  in  the  tabula- 
tions of  Oser.  Calculus  of  the  duct  with  secondary  atrophy 
stands  out  as  a  prominent  condition.  Cancer  of  the  head 
with  like  atrophy  was  not  uncommon.  In  Hansemann's 
series  simple  atrophy  was  present  in  thirty-six  of  forty  cases. 
Other  conditions  found  were  chronic  pancreatitis  and  lipo- 
matosis. 

Still  many  cases  of  diabetes  constantly  came  to  notice 
without  lesion  of  the  pancreas.  Naunyn,  indeed,  in  a  series 
of  forty  autopsies  found  only  one  case  in  which  the  disease 
could  be  ascribed  to  disease  of  the  pancreas.  On  the  other 
hand,  many  cases  of  grave  disease  of  the  pancreas  without 
diabetes  were  observed;  Hansemann  reports  such  a  case  in 
which  complete  destruction  of  the  pancreas  existed.  This 
anomalous  condition  he  attempts  to  explain  by  the  hypothe- 
sis that  in  primary  cancer  of  the  pancreas  the  cells  of  the 
new  growth  retain,  in  part  at  least,  the  function  of  the  cells 
from  which  they  are  derived  and  that  therefore  the  internal 
secretion  is  not  disturbed. 

At  the  same  time  various  attempts  were  made  to  associate 
with  diabetes  some  distinct  histological  picture;  as  the  com- 
bined chronic  pancreatitis  and  arterio-sclerosis  of  Hoppe- 
Seyler  and  Fleiner,  and  the  perivascular  sclerosis  of  Lemoine 
and  Lannois.  An  important  condition  observed  by  the  latter 
was  the  penetration  of  the  fibrous  strands  into  the  acini,  thus 
separating  the  cells  and  presenting  a  condition  which  they 
designated  unicellular  sclerosis.  Hansemann  particularly 
associated  with  diabetes  a  condition  of  the  pancreas  which  he 
calls  granular  atrophy  but  which  from  his  description  appears 
to  be  a  primary  chronic  pancreatitis  with  atrophy. 

The  most  important  contributions  to  the  histology  of  the 
pancreas  of  diabetes  are  those  made  during  the  past  few 
years  by  Opie.  He  distinguishes  two  forms  of  chronic 
pancreatitis;  (i)  interlobular  pancreatitis,  characterized  by 
the  formation  of  fibrous  tissue  between  the  lobules,  which  are 
often  invaded  from  the  periphery  and  (2)  interacinar  pan- 
creatitis, in  which  the  newly  formed  fibrous  tissue  is  difiFusely 
distributed  within  the  lobule,  separating  the  acini  and  invad- 
ing the  islands  of  Langerhans.  With  the  first  type,  frequently 
associated  with  duct  obstruction,  diabetes  occurs  only  in 
those    relatively    uncommon    cases    in    which    an    advanced 
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sclerosis  involves  the  islands.  With  the  interacinar  type, 
however,  diabetes  is  much  more  frequent  Another  important 
change  observed  by  the  same  writer  is  a  hyaline  transforma- 
tion of  the  islands  with  little  or  no  alteration  of  the  secreting 
parenchyma.  He  therefore  looks  upon  involvement  of  the 
islands  of  Langerhans  as  the  important  point  in  the 
pathology  of  diabetes.  His  figures  support  this  view; 
in  twenty-one  cases  of  interlobular  pancreatitis,  diabetes 
occurred  but  once  and  in  this  case  the  advanced  sclerosis 
had  produced  alterations  of  the  islands;  while  in  seven  of 
nine  cases  of  the  interacinar  type,  diabetes  coexisted;  and  in 
six  of  nineteen  cases  of  diabetes,  hyaline  transformation  of 
the  islands  was  present 

Such  observations  imply  that  the  islands  are  in  some  way 
concerned  in  carbohydrate  metabolism  and  therefore  of 
fundamental  importance  in  any  consideration  of  the  etiology 
of  diabetes.  The  occurrence  of  these  lesions  in  diabetes  has 
been  confirmed  by  Weichselbaum  and  Stangl,  Herzog,  Gentes, 
Wright  and  Joslin,  Curtis\  Finney*,  Schmidt,  Hansemann 
and  Herxheimer^.  The  last  three  writers,  however,  are  not 
prepared  to  admit  that  these  changes  are  of  etiological  im- 
portance. 

In  this  connection  the  following  notes  of  five  cases  of 
diabetes  and  one  of  acute  glycosuria,  studied  during  the  past 
two  years,  may  be  of  interest: 

/.  Records  of  the  Pathological  Laboratory,  University  of  Pennsylvania, 
Autopsy  No.  01.212,  Female,  aged  sixty- two  years.  Clinical  diagnosis— 
Diabetes,  moist  gangrene  of  leg.  tetanus.  Anatomical  diagnosis — Throm- 
bosis of  left  iliac  artery  and  its  branches ;  softened  thrombi  in  left  auricular 
appendix;  moist  emphysematous  gangrene  of  left  leg;  infarction  of  spleen 
and  left  kidney;  chronic  obliterative  pericarditis;  chronic  mitral  endocar- 
ditis; hypertrophy  of  left  ventricle;  chronic  diffuse  nephritis;  chronic  in- 
terstitial pancreatitis;  chronic  adhesive  pleuritis.  Histological  examination 
— Interacinar  pancreatitis  with  involvement  of  many  of  the  islands  of 
Langerhans  by  the  invasion  of  dense  bands  of  fibrous  tissue. 

//.  Records  of  the  Pathological  Laboratory,  University  of  Pennsylvania, 
Autopsy  No.  01.30P.  Male,  twenty-seven  years.  (Service  of  Dr.  J.  H. 
Musser,  University  Hospital.)  Clinical  rfifl^no^— Phthisis  pulmonalis, 
diabetes  mellitus,  Banti's  disease.  History  of  diabetes  of  two  years'  dura- 
tion; sugar  varied  in  amount  from  1.25  to  7.5  per  cent.;  specific  gravity 
of  urine  1028  to  1040.  Anatomical  diagnosis—Splenomegaly ;  slight  chronic 
interstitial  hepatitis;  general  tuberculous  peritonitis;  tuberculosis  of  lung 
(caseous  and  gelatinous  pneumonia  with  cavity  formation)  ;  tuberculous 
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pleuritis;  slight  chronic  mitraJ  endocarditis;  fatty  degeneration  of  heart 
and  kidneys.  Pancreas— The  surface  is  more  nodular  than  normal,  the  de- 
pressed portions  (edematous.  On  section  the  nodular  appearance  is  very 
marked.  The  consistence  is  about  that  of  the  ijormal  pancreas.  Histo- 
logical examination  reveals  a  moderate  perivascular  fibrosis  and  a  hyaline 
degeneration  of  many  of  the  islands;  approximately  one  of  every  five 
is  hyaline. 

///. — Records  of  the  Pathological  Laboratory,  University  of  Pennsylvania, 
Autopsy  02.16.  Male,  aged  thirty-eight  years.  (Service  of  Dr.  Alfred  Sten- 
gel, University  Hospital.)  Clinical  diagnosis — Diabetes,  tuberculosis. 
Anatomical  diagnosis — Gangrene  and  multiple  abscesses  of  lungs;  acute 
fibrinous  pleuritis ;  fatty  degeneration  of  heart  and  liver ;  cloudy  swelling 
of  kidneys ;  slight  atrophy  of  thyroid  gland ;  chronic  interstitial  pancreatitis ; 
fibrosis  and  caseation  of  right  adrenal;  arterio-sclerosis ;  acute  splenic 
tumor;  multiple  superficial  erosions  of  the  oesophagus.  Pancreas — ^Weight 
seventy  grammes,  smaller  than  normal  and  firmer.  The  shape  is  more  dis- 
tinctly triangular  than  usual.  The  surface  of  the  pancreas  is  grossly 
nodular.  Histological  examination  of  the  pancreas  reveals  a  slight  diffuse 
increase  of  connective  tissue;  the  islands  of  Langerhans  are  normal. 
The  right  adrenal  is  almost  completely  destroyed  by  tuberculous  casea- 
tion and  newly  formed  fibrous  tissue.  A  small  ganglion  adjacent 
to  the  adrenal  is  not  involved  in  this  process.  Left  adrenal  is  normal  The 
alveoli  of  thyroid  gland  are  moderately  dilated. 

IV. — Case  of  Dr.  Wm.  Pepper,  of  Philadelphia,  presenting  a  history  of 
nephritis,  uraemia  and  acute  (terminal)  glycosuria.  The  autopsy  report  is 
not  available.  For  sections  of  the  pancreas  and  for  the  laboratory  report 
which  latter,  owing  to  the  peculiar  terminal  character  of  the  glycosuria  is 
given  in  full,  I  am  indebted  to  Dr.  Pepper.  Clinical  history — Female,  aged 
fifty-eight,  adnutted  to  the  University  Hospital,  September  4,  1902. 
"  Patient  in  a  semi-delirious  condition  and  cannot  give  a  satisfactory  history 
of  herself.  From  her  daughter  it  was  learned  that  the  patient  had  been 
complaining  of  headache,  dizziness  and  defective  vision  for  the  last  two 
weeks,  and  that  during  the  past  week  she  has  been  at  times  quite  delirious. 
On  admission  catheterized ;  urine  slightly  cloudy,  dark  amber;  no  precipi- 
tate; specific  gravity  1025;  albumen  1-15  by  bulk  (centrifugated) ;  no 
sugar;  no  bile,  indican  negative ;  diazo  not  made;  a  few  fiat  round  epithelial 
cells,  a  few  pale  and  dark  granular  casts,  and  a  few  white  blood  cells. 
Sept.  5th — Mental  condition  better.  Bowels  moved  freely.  Urine  dark 
amber;  slightly  cloudy;  very  light  flocculent  precipitate;  specific  gravity 
1030;  distinctly  acid;  albumen  1-15  by  bulk  (centrifugated);  no  sugar; 
bile  and  indican  negative ;  a  few  flat  and  round  epithelial  cells,  few  white  blood 
cells,  many  pale  and  dark  granular  casts.  Sept  6th — Blood — Haemoglobin, 
eighty-nine  per  cent;  red  cells  5,010,000;  white  cells  10,860;  Widal  nega- 
tive ;  no  malaria  parasites ;  nothing  abnormal  in  stained  films.  Urine  9  a.  m. 
dark  amber;  slightly  cloudy;  light,  flocculent  precipitate;  specific  gravity 
1029;  distinctly  add;  albumen  1-15  by  bulk  (centrifugated);  no  sugar; 
bile  and  indican  negative.  Many  flat  and  round  epithelial  cells,  a  good 
many  white  blood  cells,  very  many  very  short,  pale  and  dark  granular 
casts,  a  few  waxy  casts.  S  p.  h.  urine  color  changed  to  a  very  pale  amber ; 
slightly  cloudy;  no  precipitate;  specific  gravity  1029;  distinctly  acid;  a 
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decided  trace  of  albumen ;  sugar  0.83  per  cent  by  Fehling's  test ;  bile  and 
indican  negative ;  sediment  shows  many  short  pale  and  dark  granular  casts, 
a  few  waxy  casts,  very  many  fiat  round  and  spindle  epithelial  cells,  very 
many  white  blood  cells,  many  mixed  urates.  Sept  7th — ^Urine  11  a.  H. 
pale  amber,  slightly  cloudy;  light  flocculent  precipitate;  specific  gravity 
1031 ;  distinctly  acid ;  decided  trace  of  albumen ;  sugar  0.83  per  cent ;  bile 
and  indican  negative.  Many  short  pale  and  dark  granular  casts,  few  waxy 
casts,  many  flat  spindle  and  round  epithelial  cells,  many  white  blood  cor- 
puscles, many  mixed  urates.  Sept,  8th — ^Urine  2  p.  h.  pale  amber;  hazy; 
specific  gravity  1030 ;  acid ;  sugar  present  in  large  quantities ;  decided  trace 
of  albumen;  epithelial  cells,  urates,  no  casts.  Histological  examination — 
of  the  pancreas  shows  irregular  foci  of  slight  interacinar  pancreatitis  with 
distinct  involvement  of  the  islands  of  Langerhans.  The  islands  are  fre- 
quently enlarged ;  the  fibrous  tissue  abundant  and  often  somewhat  hjraline 
in  appearance;  the  cells  compressed  and  indistinctly  outlined. 

V — Bender  Laboratory  Records,  Autopsy  0.726.  Case  of  Dr.  Andrew 
MacFarlane,  Albany,  N.  Y.  Clinical  abstract — Male,  aged  twenty-six; 
laborer,  duration  of  diabetes  about  eight  months.  Sugar  constantly  present 
in  urine  rising  at  times  as  high  as  four  per  cent.;  diacetic  acid  and 
acetone  also  present.  Autopsy — The  abdominal  viscera  only  were 
examined  through  a  limited  incision.  Pancreas — ^Apparently  normal  in  its 
gross  appearance.  Histologically,  scattered  areas  of  interacinar  pancre- 
atitis are  found.  The  islands  present  a  slight  but  definite  increase  of  con- 
nective tissue  with  moderate  atrophy  of  the  intervening  cells.  A  few  small 
areas  of  fat  necrosis  exist. 

VI— Records  of  the  Pathological  Institute,  University  of  Leipzig, 
Autopsy  98*  (i8g8).  Female,  aged  twenty-six  years.  Clinical  diagnosis — 
Diabetes,  pneumonia.  Note  of  post-mortem  examination — Extreme  sclerosis 
and  atrophy  of  the  pancreas  with  presence  of  calculi  (weight  of  pancreas, 
fifty-four  grammes) ;  diffuse  lobular  pneumonia  with  fibrinous  pleuritis ; 
hydro-pericardium ;  cloudy  swelling  of  liver ;  fatty  degeneration  of  kidney ; 
calcareous  bronchial  lymph  nodes.  Histology  of  pancreas — Extensive 
atrophy  and  chronic  pancreatitis  of  the  interlobular  type.  In  the  more 
sclerotic  portions  the  growth  of  connective  tissue  is  interacinar.  The 
islands  are  few  in  number,  small,  often  isolated  and  frequently  invaded 
by  fibrous  strands. 

Lesions  of  the  islands  occurred  in  five  of  these  six  cases; 
in  one  the  change  was  of  the  nature  of  a  hyaline  transforma- 
tion; in  the  other  four  an  interacinar  pancreatitis  with 
involvement  of  the  islands  existed.  Whether  or  not  the 
glycosuria  in  case  III,  in  which  the  pancreas  was  normal,  was 
dependent  upon  the  lesion  of  the  adrenal  it  is  impossible  to 
say.  Glycosuria  does  not  usually  accompany  such  lesions. 
On  the  other  hand  the  experiments  of  Blum,  Herter  and 
Richards  indicate  that  the  adrenal  is  in  some  way  concerned 
in  carbohydrate  metabolism.      These  investigators  found  that 

*  For  the  privilege  of  reportiog  thii  case,  I  am  indebted  to  Prof.  P.  Marchand  of  tba 
Unifcnity  of  Lelpilg. 
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after  the  injection  into  animals  of  the  adrenal  gland  or 
adrenal  extract,  a  temporary  glycosuria  results.  Herter  and 
Richards  produced  the  same  result  by  painting  the  surface  of 
the  pancreas  with  the  extract  These  experiments,  however, 
are  not  analogous  to  destruction  of  the  adrenal. 

I  can  at  this  time  also  give  a  preliminary  report  of  an 
investigation,  as  yet  incomplete,  of  the  diabetes  associated 
with  cancer  of  the  pancreas.  It  is  well  known  that  cancer  of 
the  pancreas  may  or  may  not  be  accompanied  by  glycosuria. 
We  have  no  definite  explanation  of  the  condition  under 
which  it  occurs,  though  a  resume  of  the  literature  shows  that 
it  is  most  common  when  the  tumor  is  in  the  head  of  the  pan- 
creas and  by  duct  obstruction  causes  atrophy  (chronic  pan- 
creatitis) of  the  distal  portion  of  the  organ.  The  reverse 
condition,  complete  destruction  of  the  gland  by  cancer  with- 
out diabetes,  is  likewise  difficult  of  explanation.  It  is  true 
that  Hansemann  has  suggested  that  the  function  of  internal 
secretion  is  preserved  by  the  cells  of  the  new  growth ;  but 
this  is  not  applicable  to  secondary  tumors  and  if  we  accept 
the  theory  that  the  islands  alone  furnish  the  internal  secre- 
tion it  is  not  tenable,  as  pointed  out  by  Ssobolew  and  Opie, 
unless  we  assume  that  all  primary  tumors  of  the  pancreas 
have  their  origin  in  the  islands,  and  in  support  of  this  last 
possibility  there  is  little  evidence.  Nicholls^  has  reported  a 
primary  adenoma  of  an  islands,  and  Fabozzi^  has  recently 
described  several  primary  cancers  of  the  pancreas  which  he 
believes  to  have  arisen  from  a  like  source.  Fabozzi's  obser- 
vations, however,  are  not  conclusive  and  are  entirely  opposed 
to  the  great  mass  of  work  on  this  subject. 

I  have  been  able  to  collect  for  study  thirty  cancers  of  the 
pancreas.  Three  of  these  were  accompanied  by  glycosuria, 
which  in  one  case  was  a  true  diabetes,  and  in  the  second  an 
intermittent  glycosuria.  I  have  no  data  concerning  the  char- 
acter of  the  glycosuria  in  the  third  case.  In  the  first  case  the 
tumor  was  in  the  head  of  the  pancreas,  causing  obstruction  of 
the  duct  with  chronic  pancreatitis  of  the  distal  portion  of  the 
organ.  This  chronic  inflammation  was  for  the  most  part 
interlobular,  but  in  places  was  of  the  interacinar  type  with 
involvement  of  the  islands,  that  is,  presented  the  lesion 
which,  according  to  our  new  ideas  is  supposed  to  be  essen- 
tial   to    the    occurrence    of  diabetes.     The    third    case  was 
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unsatisfactory  for  study  inasmuch  as  only  the  tumor  had 
been  preserved  and  observations  concerning  the  condition 
of  the  uninvolved  pancreas  could  not  be  made.  In  the 
second  case,  accompanied  by  intermittent  glycosuria,  the  pan- 
creas showed  no  noteworthy  change  in  the  uninvolved  portion 
of  the  organ.  This  case,  similar  to  those  reported  by  Wille, 
brings  up  the  vexed  question  of  alimentary  glycosuria.  It 
is  known  that  a  normal  individual  may  digest  without  dis- 
turbance from  150  to  250  grammes  of  sugar,  but  that  an 
increase  over  this  amount  may  lead  to  temporary  excretion 
of  glucose  in  the  urine.  This  excretion  is  due  to  hypergly- 
cemia, the  inevitable  result  of  a  sudden  flooding  of  the  cir- 
culation with  an  amount  of  glucose  beyond  that  which  the 
body  is  able  at  once  to  consume.  On  the  other  hand,  in  a 
number  of  abnormal  conditions  where  there  is  no  actual  dia- 
betes, an  alimentary  glycosuria  may  be  produced  by  an 
amount  of  sugar  which  in  the  economy  of  the  normal  indi- 
vidual is  easily  consumed.  Among  the  prominent  conditions 
in  which  this  occurs  may  be  mentioned  neuroses  (traumatic 
and  other  forms),  organic  nervous  diseases,  alcoholism,  infec- 
tious diseases,  exophthalmic  goitre,  hepatic  and  pancreatic 
disease.  Is  it  not  possible  that  this  temporary  excretion  of 
sugar  is  due  to  some  transient  disturbance  of  the  function  of 
the  islands  brought  about  by  vascular  disturbances  of  the 
islands  or  by  some  toxic  substance,  perhaps  of  the  nature  of 
an  autotoxin,  affecting  the  secretion  of  these  structures  or 
temporarily  throwing  them  out  of  function?  In  a  destructive 
disease  of  the  pancreas,  as  cancer,  a  certain  number  of  the 
islands  are  necessarily  destroyed;  the  remainder,  however, 
may  be  sufficient  under  normal  circumstances  to  furnish  the 
necessary  secretion,  whatever  it  may  be,  essential  to  carbohy- 
drate metabolism ;  but  if  overtaxed  by  an  unusual  ingestion 
of  glucose,  hyperglycemia  and  a  consequent,  glycosuria 
might  result.  This  explanation  has  occurred  to  me  in  con- 
nection with  my  case  of  cancer  accompanied  by  intermittent 
glycosuria  and  that  it  is  not  entirely  hypothetical  is  indi- 
cated by  the  observations  of  Ssobolew,  confirmed  by  Herzog, 
that  in  some  cases  of  permanent  diabetes  the  pancreas 
exhibits  a  great  diminution  in  the  number  of  islands  and  in 
some  cases  an  entire  disappearance. 

This  functional  deficiency,  however,  is  far  from  proven, 
and  in  mentioning  it  I  do  not  wish  to  be  placed  in  the 
position  of  advocating  pancreatic    origin    for   all    forms    of 
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diabetes.  We  have  a  definite  basis  for  ascribing  a  certain 
portion  of  the  cases  of  diabetes  to  lesions  of  the  pancreas ;  but 
here  we  must  rest  until  an  increase  in  our  knowledge  allows 
further  conclusions.  It  is  probable  as  suggested  by  Naunyn 
that  with  the  pancreas  other  organs  preside  over  carbohydrate 
metabolism,  though  perhaps  in  a  less  degree,  and  that  the 
pancreas  may  act  vicariously  for  them,  although  their  function 
may  not  be  sufficient  to  be  substituted  for  that  of  the  pancreas. 

Another  point  brought  out  by  this  investigation  of  cancer 
of  the  pancreas  is  the  resistance  of  the  islands  to  invasion  or 
obliteration  by  the  new  growth  and  the  accompanying 
sclerotizing  inflammation.  Numerous  unaltered  islands  were 
frequently  seen  in  the  fibrous  tissue  at  the  margin  of  the 
growth  where  the  acini  had  been  completely  destroyed; 
moreover,  these  structures,  both  at  the  edge  of  the  tumor 
and  in  distant  portions  of  the  organ,  were  often  three  to  five 
times  larger  than  normal.  This  persistence  indicates  the 
resistance  of  the  islands  and  the  increase  in  size  suggests  a 
hypertrophy  possibly  compensatory  in  character.  No  cases 
of  complete  involvement  of  the  organ  by  cancer  similar  to 
those  of  Litten  and  Hansemann  were  seen;  in  the  few 
instances  of  extensive  invasion  a  sufficient  amount  of  the 
organ,  by  analogy  with  the  partial  extirpation  of  v.  Mering 
and  Minkowski,  remained  to  carry  on  the  internal  function 
of  the  gland. 

Whatever  the  ultimate  explanation  of  diabetes  may  be,  it 
must  be  admitted  that  our  knowledge  of  pancreatic  diabetes 
has  been  largely  extended  by  the  recent  studies  of  the  islands 
of  Langerhans.  And  here  it  may  be  pertinent  to  inquire 
what  evidence  have  we  that  the  islands  from  their  anatomy, 
development  and  appearance  in  diseases  other  than  diabetes 
are  independent  structures  concerned  in  carbohydrate 
metabolism. 

From  the  discovery  of  these  structures  by  Langerhans  in 
1869,  until  within  a  few  years,  many  and  varied  eflForts  have 
been  made  to  explain  their  origin  and  function.  They  have 
been  regarded  from  time  to  time  as  nervous  elements, 
primary  ducts,  embryonic  remains  and  as  immature  or  wasted 
acini.  The  study  of  the  ductless  glands  is  largely  responsible 
for  the  recognition  of  the  similarity  of  structure  of  the  islands 
and  these  organs.  The  structure  of  the  islands — columns  of 
cells  rich  in  protoplasm,  lying  in  an  abundant  vascular  net- 
work of  a  sinusoidal  character  and  with  no  excretory  duct — 
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naturally  suggests  as  their  function  the  elaboration  of  some 
substance  destined  to  be  introduced  into  the  circulation.  This 
theory  of  the  independence  of  the  islands,  first  advanced  by 
Shafer,  received  considerable  support  from  the  experiments  of 
Ssobolew.  He  found  that  after  feeding  animals  on  carbohy- 
drates the  islands  became  granular,  indicating,  according  to 
his  interpretation,  a  greater  functional  activity  due  to  the 
increased  demand  for  a  ferment  essential  to  carbohydrate 
metabolism.  Furthermore  he  found  that  in  the  sclerotic 
atrophy  following  ligation  of  the  ducts  in  animals  the  islands 
are  not  implicated  and  glycosuria  does  not  result.  These 
observations  have  been  confirmed  by  Schulze.  A  similar 
persistence  is  frequently  seen  in  the  human  pancreas  in  the 
sclerosis  following  duct  obstruction;  and  has  also  been 
observed  by  Schlesinger,  Opie,  Condon*  and  myself  in  the 
peculiar  fibrous  induration  of  the  organ  which  occurs,  not 
infrequently,  in  congenital  syphilis. 

Ag^in,  in  the  embryonic  development  of  the  islands  we 
have  evidence  that  they  are  destined  for  some  special  func- 
tion. As  I  have  recently  demonstrated^  the  islands  at  an 
early  stage  of  the  growth  of  the  pancreas  arise  from  the 
primary  acini  and  for  some  time  remain  connected  to  these 
structures  by  a  solid  process  of  cells;  but  eventually  become 
entirely  separated,  and  with  the  development  of  a  blood  sup- 
ply proportionally  greater  than  that  of  the  acinus,  become 
anatomically  independent  Such  anatomical  differentiation 
argues  for  a  special  function,  and  taking  into  consideration 
the  recently  accumulated  knowledge,  the  result  of  pathological 
investigation,  we  are  forced  to  the  conclusion  that  this 
function  is  an  internal  secretion  concerned  in  carbohydrate 
metabolism  and  therefore  of  fundamental  importance  in  any 
consideration  of  diabetes.  This,  however,  is  not  equivalent 
to  saying  that  all  forms  of  diabetes  may  be  traced  to  func- 
tional or  structural  changes  of  these  structures.  Fully  one- 
half  of  the  reported  cases  studied  with  regard  to  lesions  of 
the  islands  show  no  alteration  of  these  structures.  That 
several  forms  of  diabetes  exist  and  that  other  organs  than 
the  pancreas  are  concerned  in  their  etiology  is  evident;  but 
this  does  not  detract  from  the  value  of  our  recently  acquired 
knowledge  of  pancreatic  diabetes.      The  manner  in  which  the 
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hypothetical  internal  secretion  of  the  islands  is  supposed  to 
act  comes  under  the  head  of  chemistry  and  metabolism  and 
will  doubtless  be  considered  by  Dr.  Edsall. 

A  consideration  of  diabetes  would  be  incomplete  without  a 
consideration  of  the  forms  of  glycosuria  apparently  dependent 
upon  changes  in  organs  other  than  the  pancreas.  As  little 
however  has  been  added  in  recent  years  to  our  knowledge  of 
these  conditions,  I  will  speak  of  them  but  briefly.  The  forms 
of  glycosuria  associated  with  acromegaly,  with  cirrhosis  of 
the  liver,  with  arterio-sclerosis,  and  especially  the  diabetes  of 
hemochromatosis,  in  the  light  of  recent  investigations  would 
appear  to  have  a  relation  to  disease  of  the  pancreas. 

Thus  in  acromegaly  chronic  inflammation  of  the  pancreas 
has  frequently  been  found  at  autopsy  and  it  is  probable  as 
suggested  by  Opie,  that  ''induration  presumably  analogous  to 
that  which  acromegaly  causes  elsewhere  occurs  also  in  the 
pancreas  and  where  sufficiently  advanced  produces  glycosuria 
or  even  permanent  diabetes." 

The  frequency  with  which  arterio-sclerosis  is  associated  with 
diabetes  renders  it  probable  that  this  condition  by  affecting  the 
nutrition  of  the  pancreas  may  be  the  cause  of  changes,  inflam- 
matory or  sclerotic  in  nature,  leading  eventually  to  diabetes. 

That  the  diabetes  accompanying  cirrhosis  of  the  liver  may, 
in  many  cases,  be  due  to  a  coincident  chronic  pancreatitis, 
the  result  of  a  common  etiological  agent  is  indicated  by  the 
studies  of  Lefas,  Opie  and  Steinhaus*.  A  more  striking 
example  of  the  dependence  of  chronic  lesions  of  the  liver 
and  the  pancreas  upon  a  common  etiological  factor  is 
haemochromatosis  {diabite  branz/).  This  condition,  first 
described  by  v.  Recklinghausen,  is  characterized  by  the 
extensive  deposition  of  an  iron-containing  pigment  in  the 
cells  of  various  organs  and  tissues,  and  is  associated  with 
a  necrosis  of  the  parenchymatous  cells  and  a  proliferation  of 
the  stroma.  The  liver  and  pancreas  suffer  most,  the  former 
being  the  seat  of  a  hypertrophic  cirrhosis,  the  latter  of  a 
chronic  pancreatitis.  The  diabetes  occurring  in  this  condi- 
tion has  been  explained  by  some  writers  as  the  result  of  the 
blood  destruction,  by  others  as  the  result  of  the  pancreas 
lesion.  Opie,  in  one  case,  found  the  inflammation  to  be  of 
the  intracinar  type  with  involvement  of  the  islands  of 
Langerhans;  and  therefore  concludes  that  this  lesion  is 
responsible  for   the    occurrence    of    diabetes.      In    his    case. 
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however,  diabetes  did  not  exist  owing  to  the  incomplete 
destruction  of  the  islands;  the  patient  dying  of  typhoid  fever 
before  the  disease  had  reached  its  height. 

It  is  well  established  that  glycosuria,  temporary  or  other- 
wise, may  follow  lesions  of  the  central  nervous  system  and 
perhaps  also  of  the  sympathetic  and  larger  peripheral  nerves. 
Claude  Bernard's  classical  piqiire  of  the  floor  of  the  fourth 
ventricle  in  animals,  lesions  (haemorrhage,  tumor  and  soften- 
ing) of  the  same  location  (medulla)  and  various  pathological 
changes  of  the  brain  and  cord  in  man  illustrate  this  relation. 
We  have,  however,  no  definite  information  and  Naunyn's 
theory  that  through  the  secretory  or  nutritive  nerves  we  have 
a  disturbance  of  function  in  the  organs  presiding  over  carbo- 
hydrate metabolism,  is  as  satisfactory  as  any  other. 

In  experimental  phloridzin  diabetes  it  has  been  demon- 
strated that  a  true  hyperglycemia  does  not  exist  and  that  the 
glycosuria  is  due  to  an  injury  of  the  renal  epithelium  which 
allows  an  escape  of  the  sugar  normally  present  in  the  blood. 
An  analogous  condition  (renal  diabetes)  in  man  has  been  sus- 
pected but  not  proven. 

The  influence  of  the  adrenal  gland  upon  carbohydrate 
metabolism  has  already  been  mentioned. 

The  relation  of  the  thyroid  gland  to  glycosuria  is  unex- 
plained Hansemann  has  collected  fifteen  cases  in  which 
diabetes  and  exophthalmic  goitre  were  associated.  Alimentary 
glycosuria  is  also  frequently  seen  in  this  condition,  according 
to  Chvostek  in  sixty-nine  per  cent  of  all  cases ;  and  it  has 
also  been  observed  after  the  therapeutic  use  of  thyroid 
extract.  It  is  worthy  of  note,  however,  that  in  none  of  the 
cases  of  diabetes  associated  with  exophthalmic  goitre  has  the 
condition  of  the  pancreas  been  studied  (Opie). 

I  have  attempted  to  place  before  you  in  this  brief  summary 
the  relation  of  the  pancreas  and  especially  the  islands  of 
Langerhans  to  diabetes.  If  I  have  dwelt  too  strongly  upon 
this  point  it  is  because  the  knowledge  of  this  relation  enables 
us  to  sharply  separate  at  least  one  form  of  diabetes  from  all 
others,  and  thus  offers  a  definite  point  of  departure  for  the 
study  of  those  forms  of  glycosuria  which,  from  our  knowledge 
of  the  complexity  of  carbohydrate  metabolism,  we  assume 
may  be  due  to  disturbances  of  other  organs. 
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NOTE 

nPHIS  volume  comprises  the  publications  of  the  Bender  Hy- 
gienic Laboratory  for  the  year  i904-'5.  These  have 
appeared  in  various  medical  jotimals,  but  for  the  sake  of  tini- 
formity  in  paper  and  press  work,  the  reprints  have  been  taken 
from  the  Albany  Medical  Annals.  The  object  of  again  present- 
ing these  studies  is  to  bring  them  in  collected  form  before  those 
especially  interested  in  the  laboratory  or  its  work. 

RICHARD  M.  PEARCE, 

Director, 

Thb  Bender  Hygienic  Laboratory 
Albany,  N.  Y.,  January,  1906. 
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Reprinted  from  Aliany  Mbdical  Annals.  Pebruftiy  1906. 

EXPERIMENTAL  CIRRHOSIS  OF  THE  LIVER.* 
By  RICHARD  M.  PEARCE,  M.  D. 

(Prom  the  Bender  Laboratory,  Albany,  N.  Y.) 
(Plate  III.) 

The  experimental  studies  upon  which  this  communication  is 
based  were  suggested  by  an  investigation*  of  the  necroses  occur- 
ring in  the  liver  of  the  dog  as  the  result  of  the  intravenous  in- 
jection of  haemolytic  immune  sera.  These  necrotic  lesions,  which 
appear  to  have  a  very  definite  relation  to  thrombi  composed  of 
fused  red  blood  corpuscles,  vary  in  position  and  extent  according 
to  the  amount  of  serum  administered.  Small  doses  cause  focal 
lesions  more  or  less  isolated  and  irregularly  distributed;  large 
doses  produce  a  diffuse  necrosis  whidi  spares  only  the  tissue 
about  the  larger  portal  spaces.  The  uniformity  and  extent  of 
this  latter  lesion  suggested  the  importance  of  studying  the  repair 
process  which  naturally  follows  it  in  those  animals  surviving 
the  acute  toxic  effects  of  the  serum.  It  was  evident  that  the 
extent  of  the  injury  was  such  as  to  preclude  complete  repair  by 
the  regeneration  of  liver  .cells  alone.  If  then,  the  defect  were 
to  be  repaired  by  connective  tissue  proliferation  the  resulting 
histological  picture  would,  except  for  a  difference  in  the  distribu- 
tion of  the  new  tissue,  closely  resemble  cirrhosis  in  man. 

Experiments  based  on  this  method  have  not,  heretofore,  been 
made.  Joannovics,*  alone,  of  the  few  investigators  who  have 
studied  the  lesions  of  the  liver  due  to  haemolytic  sera,  has  de- 
scribed repair  about  foci  of  necrosis.  Flexner,*  in  1894,  while 
studying  the  lesions  occurring  in  the  organs  of  the  rabbit  after 
the  injection  of  dog's  serum  observed  a  well  marked  cirrhosis 
due  apparently  to  repair  about  multiple  necroses.  The  lesion 
was  found,  however,  but  once  and  could  not  be  reproduced  in 
other  animals.  The  literature  contains,  as  far  as  I  am  aware,  no 
other  references  to  similar  lesions  due  to  serum  injections. 

Methods, — ^Dogs  were  injected  either  in  the  smaller  branches 
of  the  femoral  vein  or  in  the  abdominal  cavity  with  serum  ob- 
tained from  rabbits  which  had  received  repeated  injections  of 

*  This  study  has  been  conducted  under  a  grant  from  the  Rockefeller  Institute  for  Medical 
Research.  Read  before  the  American  Association  of  Pathologists  and  Bacteriologists. 
Chicago.  April  19,  1905.  Published  also  in  TA#  Journal  of  Exp^rmuntal  Mtdicmt^  1906. 
viii  64. 
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the  red  blood  corpuscles  of  the  dog.  The  dose  usually  employed 
was  one  cubic  centimetre  of  sertmi  to  500  to  1000  grammes  of 
body  weight.  The  majority  of  the  animals  died  within  forty- 
eight  hours ;  those  which  survived  were  killed  at  intervals  vary- 
ing from  forty-eight  hours  to  thirty-six  days. 

Character  of  the  Primary  Necrosis. — ^The  necrotic  lesions  in 
the  liver  vary  according  to  the  dose  of  the  senun.  As  the  etiology 
and  the  general  character  of  the  focal  necroses  have  been  dis- 
cussed elsewhere,  only  the  more  extensive  form  of  necrosis,  which, 
through  an  equally  wide-spread  process  of  repair  leads  to  cirrhosis, 
will  be  considered  at  this  time.  The  macroscopic  appearance  of 
the  liver  in  animals  dying  within  a  few  minutes  or  hours  after 
injection  is  that  of  intense  congestion.  Microscopically,  the  ves- 
sels are  found  to  be  distended  by  closely  massed  red  blood  cor- 
puscles. The  coalescence  of  red  cells  is  very  evident  in  the  portal 
veins ;  while  in  the  capillaries  the  occlusion  leads  to  a  distension 
so  great  that  the  columns  of  liver  cells  are  more  or  less  obscured. 
This  congestion  is  less  evident  about  the  larger  portal  spaces. 
After  twenty-four  to  forty-eight  hours,  the  liver  presents  a  uni- 
formly mottled  appearance;  fine  irregular  yellowish  brown  or 
greyish  yellow  non-elevated  areas  being  sharply  separated  from 
deeply  congested  or  occasionally  even  haemorrhagic  areas.  On 
section  the  brownish  portions  have  a  distinct  hyaline  appearance. 
The  superficial  portions  of  the  liver  are  uniformly  more  exten- 
sively involved  than  are  the  deeper  portions  though  in  some  of 
the  smaller  lobes  the  necrosis  may  be  quite  general.  Histologic- 
ally, the  necrosis,  which  is  hyaline  in  character,  involves  all  por- 
tions of  the  liver  tissue  except  circular  areas  of  varying  size  in 
the  immediate  neighborhood  of  the  larger  portal  spaces  (see 
Fig.  I). 

In  the  necrotic  areas  the  destruction,  as  far  as  the  hepatic  cells 
are  concerned,  is  uniform  and  complete;  the  cells  of  the  capil- 
laries may,  however,  persist.  A  narrow  ring  of  liver  cells  with 
vacuolated  protoplasm  and  pyknotic  nuclei  separates,  as  a  rule, 
the  necrotic  from  the  normal  tissue.  Leucocytic  infiltration  may 
or  may  not  be  present.  The  capillaries  of  the  necrotic  tissue  are 
widely  dilated  and  tightly  packed  with  swollen  and  distorted 
red  blood  corpuscles  which  may  occur  in  masses  or  may  retain 
distinct  outlines.  In  the  congested  portal  veins  on  the  other 
hand  the  fusion  is  quite  constant,  the  plugs  for  the  most  part 
having  a  distinctly  hyaline  appearance.    The  perivascular  spaces 
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of  the  capillaries  are  distended  with  serum  and  the  bile  passages 
of  all  sizes  are,  as  a  rule,  dilated  and  engorged  with  bile. 

The  cause  of  the  necrosis  is  an  obstructive  congestion  of  the 
capillaries  and  the  smaller  branches  of  the  portal  vein  by  fused 
masses  of  red  cells.  To  the  eflFect  of  this  obstruction,  essentially 
a  thrombosis,  is  added  the  pressure  exerted  by  the  perivascular 
oedema  and  the  over-filled  bile  capillaries.  In  portions  of  the 
liver  midway  between  the  larger  portal  spaces  these  factors  are 
sufficient  to  overcome  the  pressure  in  the  capillaries  from  the 
hepatic  artery  and  necrosis  results ;  the  cells  in  the  neighborhood 
of  the  larger  portal  spaces,  on  the  other  hand,  are  preserved 
through  a  better  supply  dependent,  presiunably,  upon  the  greater 
arterial  pressure  in  this  region. 

A  review  of  the  literature  of  infarction  of  the  liver  in  man 
and  of  experimental  infarction  shows  no  condition  analagous  to 
that  here  described ;  nor  are  any  of  the  theories  put  forth  con- 
cerning the  etiology  of  infarction  applicable  to  it.  A  possible 
exception  is  the  wide-spread  haemorrhagic  infarction  produced 
by  Wooldridge*  as  the  result  of  injecting  into  the  jugular  vein  of 
the  dog  a  complex  proteid  substance  derived  from  the  thymus 
and  other  glandular  organs.  The  infarctions  were  associated 
with  thrombi  in  the  branches  of  the  portal  vein  and  in  this 
r^;ard  as  well  as  in  the  character  of  the  necrosis,  Wooldridge's 
lesion  resembles  that  just  described.  Moreover,  in  animals  which 
survived  fourteen  days,  he  observed  scattered  foci  of  repair  re- 
sembling early  cirrhosis.  He  does  not  consider  the  thrombosis 
alone  to  be  sufficient  cause  for  the  necrosis,  but  believes  that  an 
important  adjuvant  is  some  change  in  the  chemical  composition 
of  the  blood  caused  by  the  proteid  substance  injected. 

The  Reparative  Process* — Only  fifteen  of  forty-three  animals 
survived  the  acute  effects  of  the  serum  a  sufficient  length  of  time 
to  allow  repair  of  the  liver  lesion  to  take  place.  The  liver  of 
each,  however,  shows  some  stage  of  repair,  and  as  various 
periods  from  thirty-eight  hours  to  thirty-six  days  are  represented, 
it  has  been  possible  to  study  all  stages  of  the  development  of  the 
cirrhotic  lesion. 

At  thirty  hours  the  first  and  only  evidence  of  repair  is  karyo- 
kinesis  of  the  liver  cells.    This,  however,  is  not  conspicuous  and 

*  Oidy  m  geneiBl  ootliiie  of  the  reparative  procees  win  be  given  at  this  time;  the  detaile 
of  the  finer  changes  and  their  interpretation  wiD  be  presented  in  a  future  communicaton 
on  the  repair  of  liver  tissue. 
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the  mitotic  figures  are  found  only  after  prolonged  search.  They 
occur,  uniformly,  not  at  the  edge  of  the  necrotic  tissue,  but  in 
liver  cells  two  or  three  rows  removed.  Mitotic  figures  have  never 
been  seen  earlier  than  thirty-eight  hours,  and  at  this  period  in 
but  one  animal. 

The  period  from  forty-eight  to  sixty  hours  is  represented  by 
five  animals.  The  character  of  the  repair  is  the  same  in  all,  but 
some  difi^erence  in  degree  is  evident.  The  most  striking  feature 
is  the  proliferation  of  the  endothelial  cells.  These  surround  the 
necrotic  tissue  and  penetrate  it  from  every  side.  Similar  cells 
corresponding  to  the  remains  of  the  capillaries  may  be  seen  in 
some  places  within  the  necrotic  areas.  Many  of  these  cells  have 
irregular  nuclei  suggestive  of  mitosis,  but  a  definite  karyokinetic 
figure,  in  a  cell  surely  endothdial,  was  found  at  this  stage  but 
once ;  and  this  was  in  the  liver  of  an  animal  killed  exactly  forty- 
eight  hours  after  injection.  The  endothelial  cells  show  a  ten- 
dency to  surround  small  fragments  of  necrotic  liver  cells  and 
occasionally  they  contain  one  or  two  red  blood  corpuscles.  Leuco- 
cytic  infiltration  occurs  to  a  very  slight  extent 

By  the  end  of  the  fourth  day  the  proliferation  has  advanced 
so  rapidly  that  the  bulk  of  the  necrotic  tissue  has  been  replaced. 
Within  the  necrotic  areas  the  bands  of  new  tissue  are  more 
definite.  Mitotic  figures  in  liver  cells  are  so  numerous  that  three 
or  four  may  be  found  in  one  field  of  a  one-twelfth  lens.  A  few 
l)rmphoid  cells  are  seen  in  the  portal  spaces. 

The  picture  at  the  fifth  day  differs  only  in  the  extent  of  the 
process.  The  new  tissue  has  assumed  all  the  characteristics  of 
granulation  tissue  and  contains  giant  cells  which  surround  frag- 
ments of  hyaline  material.  The  first  suggestion  of  intercellular 
fibrillae  is  seen  at  this  stage. 

The  later  stages  from  the  eleventh  to  the  thirty-sixth  day  illus- 
trate the  gradual  transformation  of  this  young  granulation  tissue 
into  a  very  definite  connective  tissue.  At  the  eleventh  day  the 
new  blood  vessels  are  very  prominent  and  the  fibrillated  character 
of  the  connective  tissue  well  marked.  All  stages  after  the  fourth 
day  show  a  few  scattered  lymphoid  cells,  but  this  has  not  been 
a  prominent  feature  except  in  one  animal,  killed  on  the  twenty- 
fifth  day,  in  which  the  tissues  of  the  portal  spaces  were  filled  with 
l3rmphoid  and  plasma  cells. 

The  oldest  as  well  as  the  most  typical  lesion  was  that  found  in 
an  animal  killed  on  the  thirty-sixth  day  (see  Fig.  2).     Micro- 
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scopically,  the  liver  was  much  firmer  than  normal,  had  a  finely 
granular  surface,  and  was  deeply  bile  stained.  The  capsule 
showed  irregular  areas  of  thickening  and  was  mottled  by  an  ill- 
defined  congestion.  On  section  a  distinct  pseudo-lobulation  was 
evident;  definite  islands  of  brownish  yellow  liver  tissue  being 
marked  oflf  by  a  fine  greyish  network  of  newly-formed  tissue. 
Histological  examination  shows  broad  bands  of  connective  tissue 
entirely  replacing  the  necrotic  areas  and  forming  a  uniformly 
arranged  network  separating  the  surviving  islands  of  liver  tissue 
about  the  larger  portal  spaces.  The  new  tissue  is  distinctly 
fibrous  and  contains  many  newly  formed  blood  vessels  and  bile 
ducts;  it  stains  deeply  by  Mallor/s  connective  tissue  method. 
The  formation  of  new  liver  cells  is  still  demonstrable.  Fragments 
of  necrotic  hyaline  cells,  not  infrequently  partially  calcified,  are 
found  in  the  midst  of  the  new  connective  tissue.  Large  irregular 
multi-nucleated  masses  of  protoplasm  surround  these  and  are 
apparently  active  in  englobing  and  removing  them.  These  multi- 
nucleated cells,  essentially  foreign  body  giant  cells,  are  derived 
in  part  from  endothelial  cells  and  in  part  frcwn  liver  cells.  Asso- 
ciated with  them  are  ntunerous  multinucleated  liver  cells  without 
inclusions.  Lymphoid  and  plasma  cells  are  present,  but  only  in 
small  numbers. 

Discussion. — The  final  stage  of  the  lesion  herein  described, 
constituting  as  it  does  a  chronic  interstitial  hepatitis  of  diffuse, 
but  uniform  distribution,  may  justly  be  termed  an  experimental 
cirrhosis.  No  close  analogy,  however,  can  be  drawn  between  it 
and  htrnian  cirrhosis,  for,  with  the  possible  exception  of  the  so- 
called  central  cirrhosis  associated  with  chronic  passive  congestion, 
a  form  of  interstitial  hepatitis  with  similar  distribution  of  the 
new  tissue  does  not  occur  in  man.  In  this  connection  Bostreom's* 
recent  discussion  of  liver  cirrhosis  as  a  repair  process  in  chronic 
passive  congestion  is  of  especial  interest.  As  the  result  of  a 
study  of  material  from  man  he  reaches  the  conclusion  that  the 
congestion  causes  destruction  of  liver  cells  not  necessarily  by  pres- 
sure of  the  widened  capillaries,  but  through  nutritive  and  func- 
tional disturbances.  With  these  conditions  are  associated  rupture 
of  the  capillary  wall  and  the  escape  of  red  cells  into  the  perivascu- 
lar l3rmph  spaces.  Thrombosis  also  is  not  an  infrequent  occurrence 
and  has  a  close  relation  to  the  destruction  of  liver  cells.  The 
repair,  which  is  most  active  in  the  region  of  the  portal  spaces, 
results  in  a  very  definite  cirrhosis.    When  one  considers  that  the 
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necrosis  in  my  experimental  lesion  is  preceded  by  an  intense  con- 
gestion associated  with  all  the  etiological  factors  described  by 
Bostroem,  the  analogy  of  the  repair  lesion  to  the  cirrhosis  which 
he  describes  becomes  very  apparent.  Comparisons  as  to  the 
etiology  of  cirrhosis  in  general  are  not  justifiable,  for  we  know 
of  no  toxic  substances  associated  with  abnormal  conditions  in 
man  which  are  capable  of  causing  the  wide-spread  necrosis 
seen  in  these  experimental  lesions.  The  only  condition  compar- 
able is  acute  yellow  atrophy  with  which  the  early  necrotic  and 
reparative  lesions  of  the  second  to  the  sixth  day  have  much 
in  common. 

On  the  other  hand,  however,  these  experimental  lesions  demon- 
strate that  a  cirrhosis  may  follow  extensive  primary  destructive 
lesions  and  thus  support  the  theory  of  Kretz*  that  cirrhosis  is 
essentially  a  reparative  process.  Kretz,  who  bases  his  ccHiclu- 
sions  on  an  extensive  study  of  the  disease  in  man,  believes  cir- 
rhosis to  be  the  result  of  successive  processes  of  repair  following 
repeated  focal  injuries  of  the  liver  parenchyma.  The  primary 
lesion  is,  he  thinks,  a  destruction  of  groups  of  Uver  cells  at  the 
periphery  of  the  lobule.  After  such  destruction  the  uninjured 
cells  of  the  lobule,  as  well  as  the  cells  of  the  bile  ducts,  prolifer- 
ate in  an  attempt  to  repair  the  injury.  The  continued  occurrence 
of  degeneration  and  regeneration  causes  the  formation  of  new 
connective  tissue  which  eventually  atrophies  thus  leading  to  the 
picture  seen  at  autopsy.  Cirrhosis,  therefore,  is  the  result  of 
repeated  localized  destructive  lesions  from  which  the  liver  has 
more  or  less  recovered.  This  view  it  will  readily  be  seen  accepts 
Weigert's^  opinion  that  the  primary  lesion  in  all  interstitial  new 
growth  of  tissue  is  cell  death  and  also  includes  Kirikow's*  opinion 
that  in  addition  to  cell  death  the  continual  action  of  the  toxic 
substance  is  necessary;  but  adds  the  important  factor  of  con- 
tinuous regeneration. 

W.  G.  MacCallum's*  study  of  the  regenerative  changes  in 
human  cirrhosis  strongly  supports  the  theory  of  Kretz  as  do  also 
the  studies  by  McPhedran  and  A.  B.  MacCallum,**  Meders,** 
Marchand,*'  Stroebe,"  Barbacci,**  W.  G.  MacCallum*'  and  others 
of  repair  in  acute  yellow  atrophy  of  the  liver. 

The  experimental  studies  of  repair  after  various  mechanical 
injuries  also  indicates  the  ease  and  rapidity  with  which  liver 
parenchyma  repairs  loss  of  substance.  From  the  observations 
of  Podwyssozki**  and  Ponfick,^'  it  is  seen  that  slight  injuries  are 
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rci>aired  by  the  prdiferation  of  cither  liver  cells  or  the  smaller 
bile  ducts;  connective  tissue  repair  occurring  only  when  loss 
of  substances  exists.  Of  special  interest  is  the  true  hyperplasia 
observed  by  Fon&ck  and  by  v.  Meister^*  after  extirpation  of  large 
portions  (one-quarter  to  tiiree-quarters)  of  the  entire  liver. 

On  the  other  hand  the  argument  is  presented  that  focal  necrotic 
lesions  of  the  liver  frequently  occur  in  man  without  repair  either 
by  proliferation  of  parenchymatous  cells  or  by  formation  of  con- 
nective tissue.  In  this  connection  the  liver  lesions  of  typhoid 
fever,  diphtheria  and  other  acute  infections  as  well  as  various 
experimental  infections  of  animals  are  quoted.  It  is  probable, 
however,  that  in  such  cases  the  reparative  power  of  the  cells  is 
in  some  way  delayed,  or  consists  possibly  of  a  true  r^eneration 
of  liver  cells  without  the  proliferation  of  connective  tissue;  for 
in  h<^  cholera,  in  which  above  all  other  diseases,  necroses  of 
the  liver  are  most  abundant  and  widespread,  cirrhosis  of  the 
liver  commonly  occurs.  Salmon,  Smith  and  Kilbome,^*  in  the 
study  of  h<^  cholera  in  an  epidemic  including  both  acute  and 
chronic  cases,  found  well  marked  cirrhosis  in  about  half  of  the 
animals  examined. 

The  question  as  to  whether  the  interstitial  tissue  or  the  paren- 
chyma is  primarily  affected  in  cirrhosis  receives  little  enlighten- 
ment from  the  literature  of  experimental  cirrhosis.  Heukelom,** 
who  reviewed  the  literature  up  to  1896,  collected  nineteen  dif- 
ferent methods  said  to  be  capable  of  producing  cirrhosis  and  to 
these  Joannovics**  in  a  recent  siunmary  adds  others.  None, 
however,  produce  a  lesion  analagous  to  that  occurring  in  man. 
These  methods  may  readily  be  divided  into  two  groups.  In  the 
first  we  have  procedures  essentially  mechanical  in  nature,  as 
ligation  of  the  ducts  or  vessels  of  the  liver,  the  injection  of  irri- 
tating substances  into  the  ducts  or  directly  into  the  liver  sub- 
stance, and  their  application  to  its  surface.  The  second  group 
includes  the  administration  by  the  mouth,  or  by  subcutaneous 
or  intravenous  injection,  of  various  toxic  substances.  As  a 
general  rule  the  mechanical  methods  lead  to  a  more  or  less  irregu- 
lar connective  tissue  formation,  sometimes  with  considerable 
sclerosis,  but  the  lesion  under  these  circumstances  is  more  of  an 
atrophy  than  a  cirrhosis.  The  toxic  agents,  for  which  positive 
results  have  been  claimed,  have  been  introduced  so  that  they 
reach  the  liver  through  the  blood  stream.  The  lesion  attributed 
to  such  substances  is  usually  described  as  a  primary  degeneration 
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of  the  liver  cells  with  a  slight  increase  of  connective  tissue,  limited 
as  a  rule,  to  the  portal  spaces;  in  a  few  instances  a  definite 
perilobular  growth  of  connective  tissue,  independent  of  paren- 
chymatous degeneration,  has  been  described.  Few  of  these 
lesions,  however,  even  in  their  final  stages  are  comparable  to  the 
cirrhosis  of  man  and  in  none  has  it  been  possible  to  follow  step 
by  step  the  development  of  a  lesion  which  could  probably  be 
termed  an  experimental  cirrhosis. 

Summary. — ^The  reparative  process  which  follows  the  wide- 
spread necrosis  of  the  dog's  liver  caused  by  the  injection  of 
hsemagglutinative  serum  constitutes  a  chronic  interstitial  hepati- 
tis of  definite  and  constant  character.  This  is  not  only  a  new  type 
of  experimental  liver  lesion,  but  is  more  definitely  a  cirrhosis 
than  is  any  other  experimental  lesion  hitherto  described.  It  is 
of  importance  in  explaining  the  histogenesis  of  cirrhosis,  and 
incidentally  various  repair  processes  in  the  liver;  but  does  not 
aid  in  the  elucidation  of  the  etiology  of  cirrhosis  in  man,  nor 
does  it  explain  the  peculiar  arrangement  of  the  new  connective 
tissue  in  any  form  of  human  cirrhosis  except,  possibly  that 
associated  with  chronic  passive  congestion.  It  definitely  demon- 
strates, however,  that  cirrhosis  may  follow  extensive  primary 
destructive  lesions,  a  view  not  yet  fully  accepted,  and  supports 
the  contention  of  Kretz  that  cirrhosis  is  essentially  a  reparative 
process. 

Explanation  of  Plate  III. 

Fig.  I — ^The  primary  lesion.  Extensive  h^raline  necrosis  sparing  only  the  tissues  about 
the  larger  portal  spaces.  Thirty-eight  hours.  Dose,  x  :xooo.  Methylene  blue  and  eosin. 
No.  9  oc..  No.  3  obj.,  Leits. 

Fig.  % — Experimental  cirrhosis.  Broad  bands  of  newly  formed  connective  tissue  sur- 
round the  islands  of  normal  liver  about  the  portal  spaces.  In  the  stroma  may  be  seen 
newly-formed  bile  ducts  and  numerous  giant  cells.  Thirty-six  dajrs.  Dose,  t  :tooo 
Methylene  blue  and  eosin.    No.  3  oc..  No.  3  obj..  Leits. 
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EXPERIMENTAL  ARTERIOSCLEROSIS.* 
By  RICHARD  M.  PEARCE,  M.  D.,  and  E  MacD.  STANTON,  U.  D. 

(F^rom  th«  Bender  Labontory,  Albany,  N.  Y.) 
(Plates  I  and  U) 

The  complexity  of  the  pathologic  picture  in  the  arterioscle- 
rosis of  man  and  the  difficulty  of  determining  the  nature  and 
sequence  of  the  early  changes  have  led  many  investigators  to 
attempt  the  experimental  production  of  the  disease  in  the  hope 
of  thus  solving  some  of  its  many  confusing  problems.  Until 
within  the  last  two  years  all  such  efforts  have  been  unsuccessful. 
It  is  true  that  Thoma  described  a  diffuse  arteriosclerosis  in  the 
dog  as  the  result  of  a  chronic  experimental  aortic  insufficiency 
and  that  Gilbert  and  Lion*  produced  scattered  sclerotic  and 
calcareous  changes  in  the  vessds  of  animals  by  injecting  bacteria 
and  their  toxins.  Thickening  of  the  vascular  walls  has  been 
described  also  as  the  result  of  poisoning  animals  with  lead. 
These  results,  however,  have  been  inconstant  and  lack  confirma- 
tion. Jores,'  in  his  excellent  monograph  on  arteriosclerosis  pub- 
lished in  1903,  reached  the  conclusion,  based  on  a  critical  review 
of  the  literature,  that  all  experimental  methods  fail  to  cause 
lesions  similar  to  those  occurring  in  man.  Various  endarterial 
lesions,  obliterative  or  otherwise,  as  well  as  diffuse  inflammation 
and  atrophy,  have  been  produced  by  injections  of  bacteria  or 
their  toxins  by  the  application  of  irritating  substances  to  the 
perivascular  tissues  and  by  ligation  and  other  forms  of  mechani- 
cal injury ;  but  none  of  these  lesions  is  analogous  to  true  arterio- 
sclerosis. 

'This  inTettlgation  wm  conducted  tinder  e  grant  from  the  Rockefeller  Instttate  for 
Medical  Regearoh.  Read  before  the  Association  of  American  Phyiieiana,  at  Washington, 
May  17,  1905.    Published  also  in  Journal  of  Exptrimontal  Mtdicim,  1906.  vili.  74. 
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It  is  a  curious  coincidence  that  in  the  same  year  in  which 
Jores  reached  this  ccMiclusion  Josue*  described  experimental 
lesions  in  the  aorta  of  rabbits,  somewhat  similar  to  those  of 
human  arteriosclerosis.  These  were  caused  by  frequent  intra- 
venous injecti(His  of  adrenalin.  With  the  exception  of  a  few 
inconclusive  experiments  of  Jores,  who  gave  dogs  adrenal  tablets 
in  their  food  in  the  hope  of  obtaining  lesions  due  to  heightened 
blood  pressure,  Josue  appears  to  be  the  first  investigator  to 
attempt  the  experimental  production  of  arteriosclerosis  by  the 
use  of  the  principle  of  the  adrenal  gland.  His  results  have  been 
confirmed  by  Erb,*  Rzentkowski,*  Fisher,*  and  others.  Their 
reports  include  but  a  small  group  of  experiments,  and  deal  for 
the  most  part  with  the  late  changes,  which  they  describe  variously 
as  arteriosclerosis,  atheroma,  and  calcification.  The  principal 
histologic  changes  to  which  they  call  attention  are  alteration  in 
the  elastica  and  the  infiltration  of  lime  salts. 

The  importance  of  a  method  capable  of  producing  an  experi- 
mental lesion  so  closely  resembling  human  arteriosclerosis  is 
apparent.  It  allows  an  opporttmity  to  study  many  of  the  obscure 
problems  of  the  disease,  as  the  nature  of  the  primary  changes, 
the  sequence  of  these  changes,  and  the  combinations  which  con- 
stitute the  fully-developed  lesion.  It  was  with  the  hope  of  eluci- 
dating some  of  these  problems  that  the  present  investigation  was 
undertaken.  The  results  have  been  satisfactory  beyond  all  expec- 
tation. Vascular  changes,  capable  of  throwing  much  light  upon 
the  pathology  of  arteriosclerosis,  and  also  that  of  aneurysm  for- 
mation, have  been  readily  produced.  Only  a  general  outline 
of  these  will  be  given  at  this  time,  for  many  of  the  details  of  the 
histologic  changes,  especially  of  the  process  of  repair,  are  so 
important  that  they  require  a  more  extended  study.  A  consid- 
eration of  these  details  is  therefore  reserved  for  a  future  publica- 
tion, based  on  a  second  series  of  experiments  now  in  progress. 

Methods.  Rabbits  have  received  in  the  veins  of  the  ear 
repeated  injections  of  a  i  :iooo  solution  of  adrenalin.  The  solu- 
tion was  prepared  by  a  chemist,  with  due  regard  to  asepsis  and 
chemical  purity.  Physiologic  salt  soluticm  was  used  as  a  medium. 
In  addition  to  adrenalin  (Parke,  Davis  &  Co.)  it  contained 
chloretone  in  the  proportion  of  one-half  of  one  per  cent,  and 
a  sufficient  amount  of  hydrochloric  acid  to  make  the  solution 
faintly  acid. 
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An  initial  dose  of  three  minims^  and  the  repetition  of  the  same 
amount  every  other  day  has  been  the  usual  procedure,  though  in 
some  experiments  the  dose  has  been  gradually  increased.  Not 
infrequently  the  early  injections  cause  death  from  acute  dilatation 
of  the  heart  and  pulmonary  edema.  Such  accidents  usually  occur 
after  any  one  of  the  first  seven  or  eight  injections.  If  the  animal 
survives  this  period  it  appears  to  gain  a  certain  amount  of  immu- 
nity, or,  at  least,  tolerance  to  adrenalin,  so  that  the  dose  may  be 
gradually  increased  during  several  weeks,  until  twenty  to  twenty- 
five  minims  may  be  given  every  day.  This  increased  resistance 
to  adrenalin  has  been  noted  also  by  Erb  and  Fisher.  The  animals 
have  been  killed  after  periods  varying  from  a  few  days  to  eight 
and  a  half  weeks. 

For  histologic  study  tissues  have  been  preserved  in  Zenker's 
fluid,  alcohol  and  six  per  cent,  formalin;  imbedded  in  celloidin; 
and  stained  with  hematoxylin  and  eosin,  and  by  Weigert's  elastica 
and  Mallory's  connective-tissue  methods.  The  scharlach  R.  and 
Osmic  acid  methods  have  been  employed  for  the  demonstration 
of  fat.  Sections  hardened  in  Flemming's  solution  and  stained  by 
hematoxylin  have  been  found  to  be  most  satisfactory  for  purposes 
of  general  study.  By  this  method  the  nuclei  and  areas  of  calcifi- 
cation stain  blue ;  fat,  if  present,  black.  The  elastic  fibres  stand 
out  prominently  as  light,  greenish-yellow,  glistening  lines,  while 
all  other  structures  are  of  a  faint  gray  color. 

Results.  Of  twenty  animals  receiving  adrenalin  nine  suc- 
cumbed to  the  acute  effects  of  the  drug  within  fifteen  days. 
These  nine  represent  animals  receiving  one,  three,  four,  five, 
seven,  and  eight  injections  of  adrenalin  on  alternate  days.  In 
some  instances  death  resulted  within  a  few  minutes  after  the 
injection,  in  others,  after  a  few  hours.  The  immediate  effect  of 
the  intravenous  administration  of  adrenalin  is  collapse  with  diffi- 
cult and  rapid  respiration.  The  animal  lies  on  its  abdomen,  with 
legs  outstretched,  and  head  resting  on  the  table  or  raised  in  spas- 
modic respiratory  effort.  Death,  preceded  by  severe  convulsive 
movements,  may  occur  immediately.  Other  animals  recover  from 
the  immediate  manifestations  only  to  succumb  after  a  few  hours. 
Upon  postmortem  examination  the  usual  picture  is  acute  dilata- 
tion of  the  heart  and  edema  of  the  lungs,  with,  not  infrequently, 

>  Throughout  this  report  the  dose  wiU  be  given  in  minims.  It  would  be  better,  perhaps, 
to  t«e  the  values  of  the  metric  system,  but  as  Joeu^  and  others  give  the  dose  in  minims  or 
drops,  we  have  for  puri>o8es  of  control  used  the  same  system  of  measurement 
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small  hemorrhages  beneath  the  pleura  and  pericardium.  In  one 
animal  hemorrhages  were  also  found  in  the  adrenal.  These 
acute  lesions  indicate  a  very  serious  disturbance  in  the  terminal 
vascular  territories,  and  are  worthy,  perhaps,  of  further  investi- 
gation; but  as  our  problem  has  to  do  only  with  the  histologic 
changes  in  the  larger  vessels,  its  scope  has  been  limited  to  that 
extent.  The  theoretic  conclusions  to  be  drawn  from  experi- 
mental adrenalin  edema  and  their  possible  application  to  acute 
edema  of  the  lung  in  man  have  recently  been  discussed  by  Josue.^ 

In  but  two  of  this  group  of  nine  animals  were  changes  in  the 
vessds  demonstrable.    These  will  be  discussed  later. 

The  second  group  of  eleven  animals  represents  those  receiving 
from  eight  to  twenty-eight  injections  during  periods  varying  from 
sixteen  to  fifty-nine  days.  One  of  these  died  on  the  twenty-fifth 
day  from  spinal  hemorrhage;  another  on  the  forty-sixth  day, 
from  unknown  cause,  three  weeks  after  the  cessation  of  injec- 
tions; the  remaining  ten  were  chloroformed.  The  aorta  in  six 
of  these  showed  marked  gross  lesions;  in  the  other  five  it  was 
negative,  both  macroscopically  and  microscopically.  It  is  of  in- 
terest that  these  five  animals  were  all  from  the  same  litter,  and 
each  weighed  about  750  grams  at  the  time  of  the  first  injection. 
Pic  and  Bonnamour*  have  come  to  the  conclusion  that  it  is  im- 
possible to  produce  vascular  lesions  by  adrenalin  in  rabbits  weigh- 
ing less  than  2000  grams,  and  quote  in  support  of  this  opinion 
their  negative  experiments  with  animals  weighing  about  1200 
grams.  That  this  is  not  an  absolute  rule  is  shown  by  the  fact 
that  the  most  characteristic  and  advanced  lesions  in  our  series 
occurred  in  an  animal  weighing  870  grams  at  the  beginning  and 
1020  at  the  end  of  the  experiment.  Otherwise,  however,  our 
experience  with  small  animals  supports  the  contention  of  Pic 
and  Bonnamour. 

Attempts  to  produce  lesions  in  dogs  have  been  unsuccessful. 
Both  old  and  young  dogs  have  been  used.  One  of  the  latter,  a 
puppy  2120  grams  in  weight,  received  in  the  ear  vein  in  one 
month  one  hundred  thirty  minims  of  adrenalin  in  doses  rising 
gradually  from  four  to  twenty  minims.  Although  respiratory 
and  cardiac  disturbances  frequently  occurred  immediately  after 
injection,  thus  indicating  a  definite  physiologic  action  of  the 
adrenalin,  no  evidence  of  vascular  lesions  could  be  found  at 
autopsy  or  upon  microscopic  examination. 

Gross  Lesions.    These  appear  to  be  limited  to  the  aorta.    The 
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invcdvement  of  other  arteries,  as  the  brachial,  carotid,  and  renal, 
which  Erb  describes,  we  have  not  found.  These  lesions  in  the 
aorta  are  most  mariced  in  the  thoracic  portion,  and  are  seldom 
found  below  the  coeliac  axis  or  in  the  first  portion  of  the  arch. 
The  earliest  change  in  the  vessel  wall  manifest  to  the  naked  eye 
is  a  faint  longitudinal  or  irregular  grayish  streak  of  the  intima 
without  thickening.  This  appearance  was  seen  as  early  as  the 
ninth  day  in  a  rabbit  which  had  received  five  injecticms.  After 
eight  to  fifteen  injections,  especially  if  the  animal  is  allowed  to 
live  for  a  week  or  longer  after  the  last  injection,  very  definite 
lesions  are  apparent.  These  consist  of  irregular,  isolated,  or  con- 
fluent areas,  usually  slightly  depressed,  of  a  pearly  gray  color  and 
aknost  constantly  calcified.  The  following  protocol  illustrates 
this  conditi(Mi: 

Rabbit  No.  ii.  Weight,  2,300  grams.  Killed  May  2d  after  injection  as 
follows:  March  29th  and  31st,  4  minims;  April  2d  and  4th,  5  minims; 
April  6th  and  8th,  7  minims;  April  loth,  10  minims;  April  12th,  12  min- 
ims; April  14th,  15th  and  i6th,  15  minims.  Autopsy:  The  aorta  is  dis- 
tinctly dilated,  measuring  twelve  millimeters  in  circumference  at  the  arch. 
Beginning  at  the  origin  of  the  left  carotid  artery  is  an  irregular  patch 
thirty-seven  millimeters  long,  averaging  two  and  a  half  millimeters  in 
width,  and  extending  in  a  spiral  course  along  the  aorta  for  a  distance  of 
thirty  millimeters  so  as  to  completely  encircle  it.  Along  this  patch  the 
wall  of  the  aorta  is  slightly  dilated.  The  media  is  firm,  parchment-like 
and  so  distinctly  calcified  that  the  vessel  cracks  in  several  places  when  the 
arch  of  the  aorta  is  straightened.  At  one  side  of  this  large  patch  are  two 
very  small  oval  areas  of  similar  structure.  There  is  no  atheroma  or 
ulceration.    All  the  other  organs  are  entirely  negative. 

The  late  lesions  occurring  after  from  twenty  to  twenty-five 
injections  are  very  well  marked.  The  aorta  is  more  or  less  dis- 
torted, rigid  and  non-elastic.  Irregular  dilations  alternate  with 
elevated  brittle  areas  of  calcification.  Distinct  ulceration  with 
atheroma  is  not  readily  demonstrable.  Diffuse  calcification  is 
not  infrequent  and  small  aneurysmal  dilations  may  be  present. 
The  following  protocol  illustrates  the  advanced  lesions  occurring 
in  animals  receiving  large  doses  during  a  considerable  period 
of  time. 

Rabbit  No.  3.  Weight,  870  grams.  Received  first  injection  of  3  min- 
ims in  ear  vein  on  November  30,  1904.  Similar  injections  were,  repeated 
on  alternate  days  until  December  30th,  after  which  date  the  dose  was 
rapidly  increased  until  it  reached  20  minims  daily.  The  animal  was  killed 
on  January  20,  1905.    Autopsy:   Weight,  1,150  grams.    The  thoracic  aorta 
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measures  six  millimeters  in  diameter,  is  distinct^  dilated,  irregular  in 
outline,  stiff  and  brittle,  although  the  wall  is  apparently  thinned.  This 
condition  extends  as  far  as  the  coelic  axis,  beyond  which  point  the  abdom- 
inal aorta  is  apparently  normal.  On  opening  the  aorta  the  inner  surface 
of  the  abdominal  aorta  above  the  coelic  axis  shows  numerous  yellowish, 
slightly  raised,  calcified  patches  one  to  one  and  five-tenths  millimeters  in 
diameter,  which  in  the  upper  portion  of  the  thoracic  aorta  become  con- 
fluent Except  in  one  of  the  small  patches  situated  in  the  upper  portion 
of  the  abdominal  aorta  there  is  no  evidence  of  ulceration.  All  other 
organs  are  negative. 

The  following  description  from  the  protocol  of  a  parallel  ex- 
periment illustrates  the  tendency  to  the  formation  of  small 
aneurysms : 

Rabbit  No.  2.  The  aorta  averages  three  millimeters  in  diameter  except 
at  three  places  where  distinct  dilations  occur.  The  first  of  these  begins 
three  centimeters  below  the  origin  of  the  aorta  and  involves  the  right 
anterior  wall  of  the  aorta  for  a  distance  of  two  centimeters,  giving  the 
appearance  of  a  fusiform  aneurysm;  the  diameter  of  the  aorta  at  this 
point  is  four  millimeters.  A  second  dilation,  two  and  five-tenths  centi- 
meters in  length,  occurs  in  the  distal  portion  of  the  thoracic  aorta  and 
a  third  involves  the  abdominal  aorta  for  a  distance  of  one  centimeter 
immediately  below  the  coelic  axis.  On  section  the  inner  surface  of  the 
aorta  shows  sharply  circumscribed  saccular  dilations,  varying  from  one  to 
two  millimeters  in  depth,  and  corresponding  to  the  protrusions  described 
above.  The  walls  of  these  aneurysms  contain  firm  placques  of  calcareous 
material.  The  intervening  aorta  shows  a  number  of  yellowish-white  ele- 
vated areas  one  to  three  millimeters  in  diameter.  The  aorta  below  the 
dilation  at  the  coelic  axis  is  macroscopically  negative. 

Histology.  In  the  group  presented  by  the  nine  rabbits  which 
died  during  the  first  two  weeks,  the  vessels  of  but  two  showed 
histologic  changes.  These  were  animals  which  had  received  four 
and  five  injections,  respectively.  The  first  died  on  the  fifth  day 
and  the  second  on  the  ninth  day.  Scattered  through  the  middle 
coat  of  the  aorta  in  each  of  these  are  small  longitudinal  or  occa- 
sionally irregular,  finely  granular  foci  of  degeneration.  In  these 
areas  no  nuclei  are  visible,  and  the  muscle  fibres  are  transformed 
into  a  finely  granular,  almost  hyaline  material,  which  stains 
deeply  with  eosin.  The  exact  nature  of  this  change  is  not  readily 
determined,  but  as  the  various  methods  of  demonstrating  fatty 
transformation  are  negative,  and  those  which  differentiate  elastic 
fibres  show  no  change  in  the  staining  reaction  of  the  latter,  the 
condition  would  appear  to  be  a  simple  necrosis  limited  to  the 
muscle  fibres.    The  elastic  tissue  has,  however,  undergone  very 
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characteristic  morphologic  changes,  which  are  found  only  in  the 
degenerate  areas,  and  are  due,  presumably,  to  mechanical  influ- 
ences. In  the  normal  aorta  the  elastic  fibres  have  a  distinctly 
wavy  or  curled  appearance,  and  are  definitely  separated  from  one 
anotlier.  In  the  areas  described  the  fibres  lose  this  appearance 
and  become  straightened  and  closely  approximated.  They  are 
also  swollen  and  occasionally  appear  to  be  fused  together.  Frac- 
ture of  the  fibres  is  seldom  seen  at  this  stage  of  the  process. 

A  more  diffuse  lesion  of  this  character  was  found  in  an  animal 
killed  on  the  twenty-fourth  day  after  receiving  eleven  injections. 
The  changes  involve  the  entire  circumference  of  the  vessel,  spar- 
ing to  a  certain  extent,  the  innermost  and  outermost  porticMis  of 
the  media.  In  this  central  zone  few  or  no  nuclei  can  be  found, 
and  the  altered  tissue  presents  a  uniform,  finely  granular  appear- 
ance, relieved  only  by  the  glistening  lines  of  the  elastic  fibres. 
The  latter,  by  selective  stain,  are  seen  to  be  so  closely  massed 
together  that  individual  fibres  can  be  distinguished  only  with 
great  difficulty.  On  either  side  of  this  zone  the  less  degenerated 
portions  of  the  media  show  irregular  areas,  which  take  the  hema- 
toxylin stain  in  a  manner  very  suggestive  of  early  infiltration  with 
lime  salts.  There  is,  however,  no  distinct  calcification  and  no 
fracture  of  elastic  fibres. 

Lesions  of  great  interest  in  comparison  with  the  above  were 
observed  in  two  rabbits  which  had  received  the  same  number  of 
injections,  but  which  were  allowed  to  live  for  ten  and  eighteen 
days,  respectively,  after  the  last  injection.  In  the  aorta  of  each 
are  found  a  few  areas  of  granular  necrosis,  but  for  the  most  part 
these  areas  have  been  altered  by  infiltration  with  lime  salts.  From 
the  topography  of  the  areas  of  calcification  and  their  relation  to 
the  necrotic  foci  it  is  evident  that  the  deposition  of  lime  salts 
follows  the  necrosis.  It  would  appear,  therefore,  that  the  primary 
degenerative  lesions  are  well  advanced  by  the  end  of  the  third 
week,  and  that,  after  this,  but  one  or  two  weeks'  time  is  sufficient 
for  advanced  calcification.  The  latter  may,  however,  occur  much 
earlier,  for  in  one  rabbit,  killed  on  the  sixteenth  day,  small  but 
very  definite  foci  of  lime  infiltration  were  present. 

In  the  areas  of  lighter  deposition  of  lime  it  is  seen  that  these 
salts  are  first  deposited  between  the  elastic  fibres,  an  observation 
which  indicates  that  the  destruction  of  the  muscle  fibre  is  the 
cdder,  and  therefore  in  all  probability  the  primary  lesion.  In  the 
areas  of  advanced  calcification,  although  the  elastic  fibres  appear 
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to  be  completely  destroyed  by  the  calcareous  transformation, 
Weigert's  stain  shows  them  to  be  still  present,  though  they  stain 
poorly  and  are  frequently  fractured.  Not  uncommcHily  at  a  point 
of  fracture  one  bundle  of  fibres  overb^s  another,  the  ends  being 
splinted  together  by  an  encapsulating  mass  of  lime  salts.  These 
fibres  are  always  perfectly  straight,  except  at  angles  formed  by 
fracture.  A  definite  relation  appears  to  exist  between  calcifica- 
tion and  fracture  of  the  elastic  fibres.  In  areas  of  the  most 
extensive  calcification  few  breaks  in  the  elastic  fibres  have  been 
observed,  while,  on  the  other  hand,  they  are  constantly  present 
in  the  aneurysmal  dilations  which  show  comparatively  little 
calcification. 

Lesions  of  this  stage  show  the  first  evidence  of  repair.  This  is 
indicated  by  the  collection  of  newly  formed  cells  about  the  foci  of 
calcification.  These  cells  are  closely  massed,  surrounded  by  but 
a  slight  ring  of  protoplasm,  and  appear  to  be  of  connective-tissue 
origin,  though  it  has  been  impossible  to  always  disting^sh  be- 
tween such  and  the  nuclei  of  smooth  muscle  fibres.  No  accu- 
mulation of  polymorphonuclear  leukoc)rtes,  or  l3anphoid  cells, 
has  been  seen.  Of  greater  interest  are  the  proliferative  changes 
in  the  intima.  These  occur  only  opposite  distinct  breaks  of  con- 
siderable depressions  in  the  media,  and  include  proliferation  of 
the  lining  endothelium  and,  to  a  greater  extent,  the  subendothelial 
tissues.  The  endothelial  cells  proliferate  to  form  two  or  three 
layers  of  cells  longitudinally  arranged,  while  the  subendothelial 
space,  barely  visible  in  the  normal  aorta,  beccmies  very  prcmiinent 
owing  to  the  presence  of  closely  packed  oval  nuclei  arranged 
vertically  to  the  lining  endothelium.  Between  the  nuclei  are 
delicate,  newly  formed  connective  tissue  and  elastic  fibrils.  In 
the  late  stages  the  newly  formed  elastic  fibrils  are  very  prominent. 
In  the  angle  of  fracture  the  nuclei  of  the  media  assume  a  perpen- 
dicular arrangement,  very  striking  in  contrast  to  their  longitudinal 
arrangement  elsewhere.  The  entire  picture  is  distinctly  that  of 
a  compensatory  proliferation — ^an  effort  to  strengthen  tfie  weak- 
ened point  in  the  vessel  wall. 

Such  are  the  essential  phases  of  this  lesion  in  the  order  of  their 
sequence.  The  more  prolonged  experiments  offer  no  funda- 
mentally new  features,  but  the  combinations  of  these  primary 
changes  in  the  course  of  the  more  extensive  involvement  of  the 
vessel  wall,  lead  to  a  complex  histologic  picture  closely  resemUing 
advanced  human  arteriosclerosis.    This  is  seen  only  in  animals 
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which  have  recdved  gradually  increasiiig  doses  during  a  period 
of  seven  or  eig^t  weeks.  The  vessel  wall  becomes  greatly  thick- 
ened, not  only  by  infiltration  of  lime  salts,  but  also  by  an  eacten- 
sive  repair  process,  which  invdves  the  intima  as  well  as  the  media. 
Small  foci  of  ccnnplete  necrosis,  analogous  to  atheroma  and 
entirely  different  from  the  primary  degeneration,  are  also  seen 
in  areas  in  which  the  elastic  fibres  are  comfdetely  destroyed. 
These  present  a  uniform,  finely  granular  appearance,  and  stain 
deeply  with  eosin.  The  osmic  acid  method  for  fat  is  n^;ative, 
but  a  few  fine  droplets  are  evident  after  treatment  with  scharlach 
R.  About  such  areas  repair  takes  place,  but  it  is  not  as  active  as 
it  is  about  the  masses  of  lime  salts. 

The  most  striking  feature  of  the  late  histologic  picture  is  the 
extent  of  repair  in  the  intima.  The  latter,  with  its  newly  formed 
connective  tissue  and  elastic  fibrils,  becomes  so  greatly  thickened 
that  it  constitutes  in  some  places  a  quarter  to  a  third  of  the  entire 
vessel  wall,  and  offers  convincing  evidence  of  the  compensatory 
nature  of  the  repair  process. 

It  is  in  these  late  lesions  that  the  small  aneurysms  are  seen. 
They  occur  at  points  where  the  elastica  is  so  completely  destroyed 
as  to  be  transformed  into  an  indistinct  mass  of  fractured  granular 
and  fused  fibres.  The  transition  from  normal  to  necrotic  fibres 
is  always  sharp  and  distinct,  and  marked  by  ccnnplete  fracture  of 
all  elastic  tissue.  It  is  worthy  of  note  that  in  the  thinned  wall 
of  these  aneurysms  the  degree  of  calcificaticm  is,  as  a  rule,  less 
marked  than  eleswhere.  The  adentitia  is  compressed,  but  other- 
wise unaffected. 

The  changes  in  other  organs  include  enlargement  of  the  heart, 
edema,  and  congestion  of  the  lungs,  and  occasionally  degenera- 
tive changes  in  the  heart  and  skeletal  muscles.  In  one  case  de- 
generative lesions  were  found  in  a  nerve  ganglion  adherent  to 
the  aorta.  It  was  thought  that  these  changes  might  have  some 
etiologic  relation  to  the  vasctdar  lesion,  but  a  thorough  study 
of  all  our  material  failed  to  reveal  lesicms  in  other  animals  or  in 
other  gangli(Hi  of  the  same  animal.  The  affected  ganglion  was 
in  the  adventitial  tissue  of  an  aneurysmal  dilation,  and  the  effects 
of  pressure  and  disturbed  blood  supply  were  sufficient,  appar- 
ently, to  account  for  the  changes  observed. 

The  Mode  of  Action  of  Adrenalin.  The  manner  in  which  ad- 
renalin produces  these  lesions  is  a  matter  of  widely  varying 
opinion,  and,  unfortunately,  one  which  cannot  readily  be  deter- 
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mined  by  our  method  of  experimentation.  Until  we  know  more 
about  the  toxic  action  of  adrenalin  and  can  distinguish  between 
the  lesions  due  to  this  action  and  those  due  to  increased  blood 
pressure,  and  especially  between  its  direct  and  secondary  effect 
on  the  blood-vessels,  we  can  hope  for  no  elucidation  of  this  prob- 
lem. Drummond,*  who  has  recently  made  a  thorough  study  of 
the  histologic  lesions  caused  by  adrenalin,  divides  all  into  those 
due  to  toxic  acticMi  and  those  due  to  increased  blood  pressure.  It 
is  obvious  that  such  a  classification  is  difficult,  for  it  is  impossiUe 
to  determine  to  what  extent  degenerative  lesions  are  due  to  inter- 
ference with  the  circulation  through  action  on  the  blood  vessels. 

A  discussion  of  the  variety  of  ways  in  which  adrenalin  might 
act,  directly  or  indirectly,  to  cause  degenerative  changes  in  the 
media  of  the  aorta  would,  in  the  present  state  of  our  knowledge, 
be  of  little  value.  The  difficulty  of  reaching  definite  conclusions 
is  illustrated  by  the  diversity  of  opinion  expressed  by  those  who 
have  previously  produced  the  lesions  here  described.  Josu6  be- 
lieves them  to  be  due  to  a  combination  of  a  specific  toxic  influence 
and  the  increased  blood  pressure.  Rzentkowski  believes  in  the 
latter  influence  only.  Erb  ascribes  an  important  influence  to 
disturbance  of  the  vasa  vasorum.  Fisher  thinks  that,  aside  from 
the  increased  blood  pressure,  disturbances  of  metabolism  play 
an  important  part.  Lissauer^^  believes  that  the  toxic  influence 
is  the  most  important  factor,  but  offers  no  e3q>lanati(Hi  of  its 
mode  of  action. 

No  definite  conclusion  can  be  drawn  from  our  own  expert- 
ments.  The  observation  that  the  earliest  changes  occur  in  the 
media  and  are  apparently  primary  in  the  smooth  muscle  fibres 
suggests,  in  view  of  the  well-known  physiologic  action  of  adre- 
nalin on  this  tissue,  a  direct  and  selective  toxic  action;  but  the 
absence  of  similar  lesions  in  vessels  other  than  the  aorta  does  not 
support  this  view.  For  the  same  reason,  and  also  because  of 
the  absence  of  changes  in  the  adventitia,  the  vasa  vasorum  theory 
appears  to  be  untenable.  On  the  other  hand,  if  we  assume,  as 
is  very  probable,  that  the  changes  in  form  and  arrangement  of 
the  elastic  fibres  are  due  to  the  same  factor  or  factors  whidi 
causes  the  destruction  of  the  muscle  cells,  and  are  not  secondary 
to  the  latter,  we  have  a  strong  argument  in  favor  of  the  influence 
of  a  greatly-heightened  blood  pressure  at  the  time  of  the  ischaemia 
due  to  the  primary  action  of  the  adrenalin.  In  other  words  it 
is  possible  diat  at  the  period  of  vascular  3pasm  produced  by  the 
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adrenalin  the  nutrition  of  the  vessel  wall  is  altered.  This  would 
not  explain  the  limitation  of  the  lesion  to  the  aorta  but  the  added 
mechanical  disturbance  due  to  the  extreme  distention  of  the  ves- 
sel wall  would  appear  to  be  sufficient  to  bring  about  a  conditicm 
analogous  to  anaemic  necrosis.  These  problems,  however,  must 
be  settled  by  other  methods  of  experimentation.  Although  it  is 
impossible  to  determine  to  what  extent  the  primary  changes  are 
mechanical  and  to  what  extent  toxic  in  nature,  it  is  certain  that 
some  of  the  secondary  changes,  as  the  fracture  of  elastic  fibres 
and  the  formation  of  aneurysms,  are  largdy  due  to  mechanical 
factors. 

Comparison  of  the  Experimental  Lesions  and  those  Occurring 
in  Man.  If  due  allowance  is  made  for  the  difference  in  size  be- 
tween the  aorta  of  the  rabbit  and  that  of  man  it  must  be  admitted 
that  the  lesions  produced  in  the  former  as  the  result  of  the  ad- 
ministration of  adrenalin  are  scxnewhat  similar  to  those  occurring 
in  human  arteriosclerosis.  They  are  not,  however,  analogous.  All 
the  essential  processes  are  represented,  and,  considering  the  deli- 
cate character  of  the  wall  of  the  rabbit's  aorta,  the  lesions  are 
relatively  as  extensive  and  cause  the  same  degree  of  deformity. 
There  is,  however,  as  compared  with  the  human  lesion,  a  differ- 
ence in  the  initial  lesion  and  in  the  degree  of  atheroma  which  is 
insignificant,  and  limited  to  the  media.  Extensive  atheroma, 
however,  cannot  be  expected  in  a  vessel  wall  as  thin  as  the  rab- 
bit's aorta;  and,  moreover,  in  none  of  these  experiments  has  a 
period  of  time  sufficient  for  the  occurrence  of  degeneration  in 
areas  of  excessive  intimal  proliferation  elapsed.  More  prolonged 
experiments  will  yield,  it  is  to  be  hoped,  lesions  more  conclusive 
in  this  respect.  For  the  present  the  condition  may  perhaps  be 
regarded  as  arteriosclerosis  for  the  rabbit,  but  not  as  a  condition 
analogous  to  the  arteriosclerosis  of  man. 

In  the  light  of  the  information  gained  from  the  study  of  these 
experimental  lesions  it  would  be  desirable,  perhaps,  to  critically 
discuss  the  various  theories  concerning  the  nature  of  arterioscle- 
rosis, and  especially  the  character  and  sequence  of  the  histologic 
changes.  Such  discussion,  however,  does  not  come  within  the 
scope  of  this  communication,  and  many  minor  points  must  be 
determined  before  comparisons  are  justifiable.  It  is  sufficient 
for  the  present  to  point  out  the  strong  sui^ort  afforded  Thoma's 
view  that  the  primary  lesion  of  arteriosclerosis  occurs  in  the 
media,  and  is,  essentially,  the  result  of  injury  to  the  elastica 
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and  that  the  changes  in  the  intima  constitute  a  repair  process,  the 
object  of  which  is  to  conpensate  for  the  weakened  media  and 
the  widened  lumen. 


Explanation  op  Platss  I  and  IL 

F4t»  >•  Grow  appeanmce  of  a  portion  of  the  aorta  from  an  animal  which  had  receiyed 
•9  lnjectiona  and  ivaa  klllMl  on  the  tpth  day.  The  diawlng  it  twice  the  actual  liae  of  the 
oriBinal  ipecinien. 

Fig,  »,  Diffoee  degeneration  of  oentnl  sone  of  media;  ii  injectioni;  •4th  day;  haema- 
toxylin  and  eocin;  4  oc.,  3  ol^. — ^Leits. 

Fn.  3.  liicroicopic  picture  of  lesion  shown  in  fig.  i.  Destruction  of  media  with 
infiltration  of  lime  sslts;  eztensiye  proliferation  of  intima  and  sufalnttmal  tissue;  haema* 
toxylin  and  eodn;  4  oc.,  3  ot^. — ^Leits. 

Fig,  4.  Blastie  tissue  stain  of  an  area  very  similar  to  the  ahove  illustrating  extreme 
destruction  of  the  elastica. 
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THE   SEQUENCE   OF   THE   PATHOLOGIC   CHANGES 
IN    APPENDICITIS.* 

A  Study  of  the  Significance  of  the  Lesions  Found  in  Dif- 
ferent Stages  of  Appendicitis,  Based  on  the 
Pathologic  Findings  in  a  Series 
OF  Operative  Cases 

By  E.  MacD.  STANTON.  M.  D. 

(Prom  the  Bender  Laboratory.  Albany.  N.  Y.) 

Within  recent  years  much  has  been  written  concerning  the 
pathology  of  appendicitis.  The  anatomic  characteristics  of  the 
diflFerent  varieties  of  appendicitis,  together  with  the  secondary 
lesions  accompanying  the  primary  appendiceal  inflammation, 
have  been  most  carefully  described  and  abundant  statistics  deal- 
ing with  the  relative  frequency  of  the  different  types  of  appendi- 
ceal and  periappendiceal  lesions  exist.  In  spite  of  all  this  accumu- 
lated knowledge,  the  subject  of  the  pathology  of  appendicitis  is 
not  by  any  means  a  closed  chapter,  but  continues  to  be  prominent 
in  medical  discussions  and  literature.  The  reason  for  this,  per- 
haps, may  lie  in  the  fact  that  it  has  not  yet  been  generally  recog- 
nized that  the  different  pathologic  conditions,  as  they  are  encoun- 
tered at  operation  in  cases  of  appendicitis,  represent,  for  the  most 
part,  simply  different  stages  of  an  inflammatory  process  involv- 
ing primarily  the  appendix  and  accompanied,  in  a  large  propor- 
tion of  cases,  by  a  more  or  less  extensive  secondary  involvement 
of  the  peritoneal  cavity.  Most  of  the  studies  dealing  with  the 
description  and  classification  of  the  different  pathologic  varieties 
of  appendicitis  are  based  on  a  study  of  the  lesions  without  refer- 
ence to  the  duration  of  the  symptoms  previous  to  the  observation 

*  PuUished  alao  in  Joum.  of  the  Am.  Med.  Aasociation,  1905.  xliv.  1849. 
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of  the  pathologic  condition  and  for  this  reason  such  studies  throw 
little  lig^t  on  the  pathologic  history  of  the  disease. 

A  study  of  the  pathologic  history  of  appendicitis  resolves  itself 
into  a  study  of  the  processes  of  inflammation  and  repair 
as  they  occur  in  this  disease,  and  a  knowledge  concerning  the 
prc^ess  of  these  processes  can  best  be  obtained  by  a  combined 
clinical  and  pathologic  study  of  a  sufficiently  large  series  of  cases, 
tabulating  the  pathologic  findings  according  to  the  time  which 
has  elapsed  between  the  onset  of  the  attack  and  the  observation 
of  the  pathologic  condition.  When  the  lesions  are  studied  in 
this  way,  there  is  found  to  exist  a  striking  general  uniformity 
of  the  microscopic  appearances  at  each  of  the  succeeding  periods 
following  th^  onset  of  symptoms.  This  uniformity  in  the  micro- 
scopic appearances  exists  in  spite  of  decided  variations  in  the 
gross  appearances  of  the  appendices,  and  the  fact  that  the  micro- 
scopic features  prominent  at  one  period  may  be  either  increased 
or  diminished  in  preceding  or  in  subsequent  stages,  shows  that 
we  have  to  do  with  a  continuous  process  and  that  it  is  probable 
that  the  majority  of  cases  presenting  the  characteristic  lesions 
of  patients  operated  on  on  the  tenth  day  would,  seven  days 
earlier,  have  presented  the  lesions  characteristic  of  the  third  day. 
The  results  of  such  studies,  therefore,  should  serve  not  only  as 
a  basis  for  a  knowledge  of  the  pathologic  history  of  the  disease, 
but  should  aid  also  in  the  diagnosis  of  the  probable  lesions  exist- 
ing at  any  given  period  during  the  attack. 

OBSERVATIONS  OF  CASES. 

The  following  observations  are  based  on  a  study  of  the  con- 
dition of  the  peritoneum  as  found  at  operation  in  485  cases  of 
appendicitis*  occurring  at  the  Albany  Hospital  during  the  past 
six  years,  and  of  the  condition  of  the  appendix  in  188  of  these 
cases,  the  descriptions  and  sections  of  which  are  on  file  in  the 
Bender  Laboratory.  The  pathologic  findings  in  this  series  of 
cases  were  studied  with  special  reference  to  the  relations  exist- 

I.  The  data  referring  to  the  condition  of  the  peritonetim  is  taken  from  the  notes  made 
at  the  time  of  operation:  all  else  is  based  on  the  descriptions  and  sections  on  file  in  the 
Bender  Laboratory.  The  histologic  observations  have  necessarily  been  confined  to  those 
cases,  the  sections  of  which  have  been  preserved  and  are  available  for  present  study.  While 
the  anatomic  variations,  especially  as  regards  the  condition  of  the  peritoneum,  are  so  vari- 
able as  to  require  a  large  series  of  cases  on  which  to  base  satisfactory  observations,  this 
is  not  the  case  with  the  histologic  changes  which  are  so  uniform  that  it  is  not  deemed 
Becessary  to  include  a  larger  series  of  cases. 
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ing  between  the  character  of  the  lesicxis  and  the  stage  of  die 
disease. 

In  summarizing  the  results  of  the  observations  in  this  series 
of  cases,  those  cases  operated  on  during  the  first,  second,  third, 
fourth,  fifth  and  sixth  days  of  the  attack  are  considered  in 
separate  groups  for  each  day.  Those  cases  operated  on  from 
the  seventh  to  the  tenth,  from  the  eleventh  to  the  fifteenth  and 
frc»n  the  sixteenth  to  the  thirtieth  day  are  considered  in  three 
corresponding  groups;  while  all  cases  operated  on  one  month 
or  more  after  the  occurrence  of  a  definite  attack  are  considered 
as  a  separate  group. 

The  following  is  a  summary  of  the  more  striking  features  of 
the  pathologic  process:' 

First  Day  Group. — This  was  made  up  of  ten  patients  operated 
on  during  the  first  twenty-four  hours  following  the  onset  of 
symptoms.  In  two  cases  (20  per  cent.)  there  was  a  sero-purulent 
intraperitoneal  exudate  without  perforaticm  of  the  appendix.  In 
one  other  case,  the  omentum  was  adherent  by  a  fibrinous  exudate 
to  a  gangrenous  appendix.  The  gross  appearances  of  the  nine 
appendices  studied  histolc^cally  varied  greatly.  Two  showed 
plainly  visible  gangrenous  areas,  one  was  described  as  normal, 
while  in  others  the  only  macroscopic  evidence  of  disease  was  a 
congestion  or  slight  opacity  of  the  peritoneum,  with  a  swollen 
or  hemoniiagic  mucosa. 

In  sharp  contrast  to  the  often  apparently  insignificant  gross 
lesions  is  the  microscopic  picture,  which  is  essentially  similar 
in  all  cases  and  consists  of  an  intense,  diffuse,  polynuclear  leuco- 
cytic  infiltration  with  focal  areas  of  hemorrhage  and  necrosis 
involving  all  coats  with  a  more  or  less  extensive  destruction  of 
the  mucosa  and,  in  many  cases,  a  fibrinous  or  fibrino-hemorrhagic 
exudate  on  the  peritoneal  surface.  One  of  the  most  striking 
features  in  these  cases  is  the  presence  throughout  the  majority 
of  the  sections  of  numerous  areas  of  necrosis.  These  areas  are 
larger,  but  are  not  more  numerous  in  those  cases  which  show 
macroscopic  evidences  of  gangrene. 

a.  The  accompanymg  charts  show  graphically  the  relative  frequency  of  the  various 
types  of  lesions  grouped  according  to  the  different  i>eriod8  as  enumerated  above  and  also 
serve  to  give  an  idea  of  the  relationships  existing  between  the  character  of  the  pathologic 
lesions  and  the  duration  of  the  disease.  The  absence  of  irregular  fluctuations  in  the  platted 
curves  is  evidence  that  the  series  of  cases  here  studied  has  been  sufficiently  large  for  the 
purposes  of  this  investigation,  although  the  relative  heights  of  the  different  ctirves  must 
vary  sosewhat  in  different  series  of  cases. 
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Second  Day  Group. — ^This  was  made  up  of  twenty-three 
patients  operated  on  during  the  second  twenty-four  hours  follow- 
ing the  onset  of  symptoms.  In  eight  (34.8  per  cent.)  of  the  cases 
of  this  group  intraperitoneal  fluid  exudates,  usually  of  consider- 
able extent  and  of  a  sero-purulent  or  purulent  character  were 
present  As  in  the  first-day  cases,  the  appendices  in  this  group 
which  were  studied  histologically,  presented  no  tmiformity 
as  to  gross  appearances.  Some  of  them  are  described  as  "gan- 
grenous," others  as  "catarrhal"  and  "ulcerative"  or  "slight  peri- 
appendicitis." 

Microscopically,  all  the  appendices  show  an  intense  leucocytic 
infiltration  involving  all  coats,  together  with  a  more  or  less  ex- 
tensive ulceration  of  the  mucosa,  while  70  per  cent,  show  a  well- 
marked  fibrinous  or  fibrino-purulent  exudate  on  the  peritoneal 
surface.  In  those  cases  which  presented  macroscopic  evidence 
of  gangrene  the  areas  of  necrosis  as  seen  microscopically  are 
decidedly  more  extensive  than  in  the  similar  cases  of  the  first- 
day  group,  while  in  those  cases  which  did  not  present  macro- 
scopic evidences  of  gangrene  the  focal  areas  of  necrosis  so 
prominent  in  the  first-day  cases  are  still  evident  in  the  majority 
of  sections,  but  are  often  obscured  by  the  leucocytic  infiltration. 

Third  Day  Group, — ^This  was  made  up  of  fifty-three  patients 
operated  on  during  the  third  day  following  the  onset  of  symp- 
toms. Twenty-nine  (53.7  per  cent.)  of  the  cases  in  this  group 
were  characterized  by  intraperitoneal  fluid  exudates  which  were 
of  a  distinctly  purulent  character  and  usually  described  as  peri- 
appendiceal abscesses.  The  macroscopic  evidences  of  disease 
were  distinctly  more  prominent  than  in  the  earlier  cases.  Forty 
per  cent,  of  the  appendices  studied  histologically  were  described 
as  "gangrenous"  and  all  but  three  of  the  others  as  "acute"  or 
"acute  ulcerative." 

Microscopically,  two  recurrent  cases  show  decided  chronic 
changes,  but  no  evidence  of  an  acute  process.  The  remaining 
cases  all  show  a  diffuse  inflanmiation  like  that  seen  in  the  earlier 
groups.  In  the  macroscopically  gangrenous  cases  the  necrosis 
is  prominent,  while  in  the  non-gangrenous  cases  focal  areas  of 
necrosis  are  seen  only  in  the  mucosa.  The  most  striking  his- 
tologic feature  which  distinguishes  this  group  from  the  earlier 
groups  is  the  evidence  of  beginning  repair  as  seen  by  the  pres- 
ence of  fibroblasts  in  all  sections.  These  new-formed  connective 
tissue  cells  are  especially  numerous  in  the  region  of  the  peri- 


36 


Digitized  by  VjOOQ IC 


toneum,  although  present  in  other  areas,  particularly  in  those 
cases  showing  the  least  marked  leucocytic  infiltration. 

Fourth  Day  Group. — This  was  made  up  of  thirty-one  patients 
operated  on  during  the  fourth  day  following  the  onset  of  symp- 
toms. In  seventeen  (54.5  per  cent.)  of  the  cases  in  this  group 
purulent  periappendiceal  exudates  usually  described  as  abscesses 
were  present.  With  the  exception  of  one  normal  and  one 
chronic  atrophic  appendix  (microscopic  diagnosis),  all  of  the 
appendices  in  this  group  presented  well-marked  anatomic  changes 
in  general  similar  to  those  seen  in  the  third-day  cases. 

Microscopically,  the  gangrenous  cases  show  large  areas  of 
complete  necrosis,  the  histologic  picture  differing  but  little  from 
that  seen  in  the  gangrenous  cases  of  the  third-day  group.  In 
sections  of  the  non-gangrenous  cases,  and  in  sections  taken  at 
some  distance  from  the  necrotic  areas  in  the  gangrenous  appen- 
dices, the  most  noticeable  histologic  feature  which  distinguishes 
this  group  from  the  preceding  one  is  a  decided  increase  in  the 
relative  number  of  fibroblasts  and  the  presence  of  numerous 
lymphoc3rtes  and,  in  several  cases,  plasma  cells.  In  those  cases 
accompanied  by  a  periappendiceal  exudate  a  few  fibroblasts  and 
many  new-formed  blood  vessels  can  be  seen  extending  into  the 
exudate  from  the  peritoneal  surface.  Focal  areas  of  hemorrhage 
into  the  exudate  occurring  from  these  new-formed  blood  vessels 
are  seen  in  many  of  the  sections. 

Fifth  Day  Group. — This  was  made  up  of  twenty-seven  patients 
operated  on  during  the  fifth  day  following  the  onset  of  symptoms. 
In  fifteen  (55.5  per  cent.)  of  the  cases  of  this  group  periappen- 
diceal suppuration  was  noted.  With  the  exception  of  one  recur- 
rent case,  all  of  the  appendices  presented  easily  recognizable 
anatomic  changes  most  evident  in  the  mucosa  or  on  the  peri- 
toneal surface. 

Microscopically,  the  lesions  may  be  divided  into  two  rather 
sharply  defined  groups.  In  the  cases  presenting  macroscopic  evi- 
dence of  gangrene,  the  necrosis  and  polynuclear  leucocytic  infil- 
tration is  the  predominating  characteristic,  although  the  repair 
process  is  well  advanced  in  several  instances.  In  the  non-gangre- 
nous cases  the  polynuclear  leucoc3rtes  have  practically  disappeared 
except  at  the  surfaces  of  the  ulcerations  in  the  mucosa  and  of  the 
periappendiceal  exudates.  Throughout  the  coats  of  the  appendix 
there  is  a  marked  increase  in  the  number  of  fibroblasts  and  often 
an  intense  lymphocytic  infiltration.    In  the  periappendiceal  exu- 
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dates  the  new-formed  blood  vessels  penetrate  to  a  greater  dis- 
tance than  in  the  fourth-day  group  and  this  granulation  tissue 
is  decidedly  richer  in  fibroblasts. 

Sixth  Day  Group, — ^This  was  made  up  of  twenty-four  patients 
operated  on  during  the  sixth  day  following  the  onset  of  symp- 
toms. Twelve  (50  per  cent.)  of  the  cases  in  this  group  showed 
evidence  of  periappendiceal  suppuration  and  all  the  appendices 
showed  well-marked  anatomic  changes.  The  partially  organized 
periappendiceal  exudates  were  very  noticeable  in  those  cases 
accompanied  by  abscess  formation. 

Histologically,  the  repair  processes  are  decidedly  more  ad- 
vanced than  in  the  fifth-day  group.  The  gangrenous  cases  show 
well-marked  evidences  of  repair,  the  histologic  picture  of  which 
is  similar  to  that  seen  in  the  non-gangrenous  cases  of  the  pre- 
ceding group.  A  number  of  these  cases,  however,  present  the 
picture  of  a  fresh  acute  process  engrafted  on  the  subacute  process, 
there  being  a  diffuse  leucoc)rtic  infiltration  with  areas  of  hemor- 
rhage and  necrosis,  the  latter  often  involving  areas  rich  in  fibro- 
blasts. The  non-gangrenous  cases  now  show  areas  in  which 
the  fibroblasts  are  massed  together  and  elongated  so  as  to  resem- 
ble young  connective  tissue  cells.  Small  ulcers  in  the  mucosa 
have  apparently  been  largely  repaired. 

^Seventh  to  Tenth  Day  Group, — ^This  was  made  up  of  one  hun- 
dred and  six  patients  operated  on  from  the  seventh  to  the  tenth 
day  of  the  attack.  Fifty  (47.1  per  cent.)  of  the  patients  operated 
on  during  this  period  had  also  periappendiceal  suppuration, 
which  in  all  but  six  cases  was  more  or  less  localized  and  usually 
accompanied  by  marked  evidences  of  "organization.  Anatomic 
changes,  for  the  most  part,  were  well  marked,  particularly  so  in 
those  cases  characterized  by  partially  organized  periappendiceal 
exudates.  In  the  cases  unaccompanied  by  periappendiceal  exu- 
dates the  anatomic  lesions  were  decidedly  less  prominent  than 
in  the  earlier  groups,  and  four  of  the  appendices  studied  histo- 
logically were  described  anatomically  as  cases  of  catarrhal  appen- 
dicitis. 

Histologically,  the  repair  process  has  become  still  more  ad- 
vanced, so  that  in  18  per  cent,  of  the  appendices  in  this  group 
the  organization  is  so  far  advanced  as  to  present  the  picture  of 
a  distinctly  chronic  process,  the  evidence  of  a  previous  active 
inflammation  being  shown  by  the  presence  of  new-formed  fibrous 
tissue  which  is  rich  in  connective  tissue  cells.     In  addition  to 
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the  new-formed  connective  tissue  in  these  cases,  numerous  focal 
collections  of  lymphocytes  are  seen,  which  are  most  noticeable 
in  the  subperitoneal  tissues  and  muscular  coats.  In  64  per  cent, 
of  the  appendices  in  this  group  the  presence  of  the  fibroblasts 
and  other  evidences  of  active  repair  is  noticeable,  being  most 
marked  in  those  cases  showing  partially  organized  periappendi- 
ceal abscesses.  Eighteen  per  cent,  of  the  cases  show  evidences 
of  an  acute  process,  which  is  seen  as  a  diffuse  polynuclear  leu- 
cocytic  infiltration,  often  accon:q>anied  by  hemorrhage  and 
necrosis.  In  all  but  one  of  these  acute  cases,  however,  there  are 
also  evidences  of  an  older  subacute  process. 

Eleventh  to  Fifteenth  Day  Group. — ^This  was  made  up  of  forty- 
eight  patients  operated  on  from  the  eleventh  to  the  fifteenth  day 
following  the  onset  of  symptoms.  In  this  group  in  but  sixteen 
cases  (33.3  per  cent.)  were  periappendiceal  abscesses  found, 
and  when  present  the  pus  usually  occurred  in  small  col- 
lections surrotmded  by  thick  masses  of  new-formed  connective 
tissue.  The  macroscopic  appearances  of  the  appendices  in  this 
group  varied  greatly :  Two  were  described  as  "gangrenous,"  two 
as  "acute,"  tiiree  as  "normal,"  and  the  rest  as  "subacute," 
"chronic,"  "chronic  obliterative,"  '^chronic  periappendicitis"  and 
"catarrhal."  Except  in  those  cases  showing  an  acute  process 
and  in  those  accompanied  by  evidences  of  periappendiceal  organi- 
zation, the  gross  changes  in  the  appendices,  as  a  rule,  were  not 
prominent. 

Microscopically,  68  per  cent,  of  the  appendices  present  lesions 
of  a  typically  chronic  character,  the  most  constant  feature  of 
which  is  an  increase  of  connective  tissue,  usually  well  marked 
and  accompanied  by  conspicuous  focal  collections  of  l)rmphoc)rte8 ; 
the  latter  occur,  as  a  rule,  within  the  perivascular  and  interstitial 
lymph  channels  of  the  peritoneal  and  muscular  coats.  An  addi- 
tional 10  per  cent,  show  a  less  advanced  stage  of  repair  corre- 
sponding to  the  predominating  lesion  in  the  preceding  group. 
Ten  per  cent,  show  changes  confined  to  the  mucosa,  such  as  are 
usually  described  as  catarrhal  appendicitis.  Ten  per  cent,  show 
the  presence  of  acute  inflammation,  in  addition  to  subacute  or 
chronic  changes. 

Sixteenth  to  Thirtieth  Day  Group. — ^This  was  made  up  of  forty- 
six  patients  operated  on  from  the  sixteenth  to  the  thirtieth  day 
fdlowing  the  onset  of  symptoms.  Abscesses  were  present  in 
19  per  cent,  of  the  patients  operated  on  at  this  period  of  the  dis- 
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ease;  this  decrease  in  the  frequency  of  pus  being  accompanied 
by  a  corresponding  increase  in  the  number  of  cases  showing 
adhesions  without  the  presence  of  pus.  In  the  cases  in  which 
there  was  no  histologic  evidence  of  an  acute  or  subacute  inflanuna- 
tory  process,  the  macroscopic  changes  in  the  appendices  were 
not  prominent  except  in  those  cases  showing  an  obliteration  of 
the  Itmien  or  evidences  of  periappendiceal  organization. 

Microscopically,  69  per  cent,  of  the  cases  show  only  chronic 
changes.  In  these  the  new-formed  connective  tissue  is 
more  fibrous  than  in  the  similar  cases  of  the  preceding  group, 
while  the  focal  collections  of  lymphoc)rtes,  so  prominent  in  the 
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Chart  X. — Condition  of  the  peritoneum  and  death  rate.  The  term  "pus  outside  of 
appendix*'  is  used  to  include  ail  cases  accompanied  by  purulent  intraperitoneal  fluid 
exudates,  either  localised  or  general.  The  term  "adhesions"  is  limited  to  those  cases 
presenting  organized  adhesions  without  the  presence  of  pus. 

preceding  group,  are  now  less  numerous.  A  few  cases  still  show 
acute  or  subacute  lesions,  in  addition  to  more  chronic  changes. 
Ten  per  cent,  of  the  cases  must  be  considered  as  examples  of 
catarrhal  appendicitis,  as  the  demonstrable  pathologic  changes 
are  confined  entirely  to  the  mucosa. 

Patients  Operated  on  One  Month  or  More  After  a  Well-defined 
Attack. — In  this  group  are  included  one  hundred  and  seventeen 
patients,  having,  for  the  most  part,  histories  of  long-standing 
chronic,  recurrent  or  relapsing  appendicitis.  In  three  ^cases 
(2.5  per  cent.)  small  foci  of  pus  were  found  in  connection  with 
extensive  adhesions.     In  44  per  cent,  of  the  cases  there  were 
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well-marked  adhesions,  without  the  presence  of  pus.  With  the 
exception  of  the  cases  of  chronic  obliterative  appendicitis,  the 
macroscopic  changes  in  the  appendices  were  usually  not  promi- 
nent, and  many  of  the  cases  which  show  an  extensive  increase 
of  interstitial  connective  tissue  were  described  as  macroscopically 
normal. 

No  appendices  in  this  group  show  microscopic  evidence  of  an 
acute  or  subacute  inflammatory  process.     Six  per  cent,  of  the 
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Chart  9 — Histologic  condition  of  appendix.  The  term '  'acute  diffiise"  is  used  to  include 
•n  appendices  showing  a  diffuse  polynuclear  leucocytic  infiltration  without  the  presence 
of  macroecopic  evidences  of  gangrene.  Under  the  term  "gangrenous"  are  included  aU 
i4>pendioe8  showing  macroscopic  areas  of  gangrene  with  or  without  perforation.  Under 
the  term  "subacute"  are  included  all  appendices  showing  evidences  of  active  repair  unac- 
companied by  a  i>olynuclear  leucocytic  infiltration.  Under  the  term  * '  chronic  "  are  included 
aU  appendices  showing  a  distinct  increase  of  connective  tissue  without  evidences  of  active 
ttptoT  ot  leucocytic  infiltration.  All  appendices  showing  changes  confined  to  the  mucosa 
are  included  tmder  the  term  "catarrhal." 

appendices  are  microscopically  normal;  i6  per  cent,  are  exam- 
ples of  catarrhal  appendicitis;  52  per  cent,  are  microscopically 
examples  of  more  or  less  well-defined  chronic  interstitial  appendi- 
citis; 26  per  cent,  are  examples  of  chronic  obliterative  appendi- 
citis. 

SUMMARY. 

The  character  of  the -histologic  changes  is  essentially  similar 
in  all  of  the  appendices  of  this  series  which  were  removed  during 
the  first  few  days  of  the  disease  and  is  that  of  a  severe,  diffuse 
inflammation,  accompanied  by  focal  areas  of  hemorrhage  and 
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necrosis.  These  focal  areas  of  necrosis  may  increase  in  extent 
during  the  first  few  days  and  give  rise  to  macroscopic  areas  of 
gangtene  or  they  may  remain  of  microscopic  size  and  be  quickly 
repaired.  The  various  anatomic  varieties,  such  as  the  gangrenous, 
perforative  and  ulcerative  forms,  are  determined  by  the  extent 
and  distribution  of  these  necroses.* 

Evidences  of  repair  are  seen  as  early  as  the  third  day,  and  in 
the  non-gangrenous  cases  the  histologic  picture  of  an  acute 
process  has  changed  to  that  of  a  distinctly  reparative  process 
by  the  fifth  day.  In  those  cases  in  which  the  necrosis  is  so 
extensive  as  to  give  macroscopic  evidences  of  gangrene,  the  his- 
tologic picture  of  an  acute  process  persists  for  a  longer  period, 
but  even  in  these  cases  (unless  there  is  a  later  acute  process 
engrafted  on  the  earlier  lesion)  the  evidences  of  repair  are  by  the 
sixth  or  seventh  day  the  predominating  feature  of  the  lesion. 
Evidences  of  a  recurrent  acute  process  are  by  no  means  uncom- 
mon, and  were  present  in  from  lo  to  15  per  cent,  of  all  cases 
after  the  first  week. 

During  the  second  week  of  the  attack  the  repair  proceeds 
rapidly.  Fibroblasts,  newrformed  blood  vessels  and  lymphocytes 
making  up  the  chief  features  of  the  histologic  picttu^e.  The 
rapidity  with  which  the  repair  of  the  appendix  itself  is  accom- 
plished depends  chiefly  on  the  extent  of  the  primary  destruction 
and  on  the  presence  or  absence  of  a  periappendiceal  exudate. 
By  the  end  of  the  second  week,  in  the  majority  of  cases,  the 
repair  is  so  far  advanced  that  the  new-formed  connective  tissue 
may  constitute  the  only  evidence  of  a  previous  inflammation, 
although  in  cases  with  extensive  periappendiceal  exudates  evi- 
dences of  active  organization  of  the  exudate  itself  are  still  to 
be  seen. 

Except  for  the  completion  of  the  repair  in  those  cases  accom- 
panied by  more  extensive  periappendiceal  lesions,  the  histologic 
changes  occurring  after  the  second  week  are  seen  chiefly  in  the 
more  fibrous  nature  of  the  new-formed  connective  tissue  which 
persists  so  as  to  be  readily  recognizable  in  the  majority  of  cases. 
Of  the  patients  operated  on  one  month  or  more  following  an 

3.  In  connection  with  the  well-known  difficulties  encountered  in  attempting  to  predict 
the  subsequent  course  of  a  case  of  appendicitis  seen  during  the  first  few  days  of  the  diosagu, 
it  is  a  fact  worthy  of  emphasis  that  the  early  histologic  changes  were  essentially  similar* 
irrespective  of  the  severity  of  the  clinical  symptoms,  in  all  the  cases  observed;  and  that  ths 
later  more  important  gross  changes,  such  as  gangrene  and  perforation,  were  depandsal 
on  the  apparently  more  or  less  accidental  factors  which  determined  the  extant  and  differl- 
bution  ci  the  necrosis. 
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acute  attack,  78  per  cent,  were  cases  of  chronic  interstitial  or 
chronic  obliterative  appendicitis  very  ofte^  accompanied  by  ad- 
hesions. Six  per  cent,  of  the  appendices  were  apparently  normal 
while  in  16  per  cent,  the  demonstrable  pathologic  changes  were 
confined  to  the  mucosa. 

A  notable  feature  seen  in  the  histologic  examination  of  these 
cases  is  the  fact  that  in  no  instance  was  the  pathologic  change 
confined  to  the  mucosa  in  the  appendices  examined  during  the 
first  ten  days  of  the  attack. 

In  this  series  of  cases,  purulent  fluid  outside  of  the  appendix 
was  present  in  51  per  cent,  of  the  patients  operated  on  from  the 
third  to  the  tenth  day  of  the  attack.*  After  the  tenth  day  die 
relative  number  of  cases  accompanied  by  abscesses  decreases 
steadily,  while  on  the  other  hand  occurs  corresponding  rise  in 
the  number  of  cases  presenting  adhesions  without  the  presence 
of  pus,  which  would  seem  to  indicate  that  resolution  by  absorp- 
tion had  played  an  important  role  in  the  repair  of  this  lesion. 
This  is  doubtful,  however,  and  is  probably  in  large  measure  due 
to  the  fact  that  the  involvement  of  the  peritoneal  cavity  was  less 
ej^ensive  in  those  cases  in  which  operation  was  delayed.  In  a 
number  of  cases,  however,  the  adhesions  were  so  massive  as  to 
leave  little  doubt  of  the  previous  presence  of  an  extensive  peri- 
appendiceal exudate. 

After  the  third  day  the  exudates  on  the  peritoneal  surface  con- 
tain highly  vascular  granulation  tissue,  and  it  is  probable  that 
the  high  operative  death  rate  between  the  third  and  tenth  days 
in  part  may  be  accounted  for  by  absorption  from  the  denuded 
granulating  surfaces  as  well  as  by  the  extent  of  the  peritonitis 
and  the  bad  general  condition  of  the  patients. 

4.  This  incltides  tbe  cases  of  general  peritonitis  as  well  as  those  accompanied  by  a  more 
localised  periappendiceal  exudate.  According  to  the  reports  of  the  operations,  the  cases 
<€  general  peritonitis  were  distributed  as  follows: 

First  day No  case. 

Second  day One  case  with  recovery. 

Third  day Seven  cases  with  five  deaths. 

Poorth  day Pour  cases  with  four  deaths. 

Pifth  day Six  cases  with  five  deaths. 

Sixth  day Pour  cases  with  four  deaths. 

Seventh  to  tenth  day Six  cases  with  six  deaths. 

Eleventh  to  fourteenth  day One  fatal  case. 
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Rqjrinted  from  Albany  Mbdical  Annals,  December,  1905. 


PRIMARY  CARCINOMA  OF  THE  VERMIFORM  APPEN- 
DIX,  WITH  A  REPORT  OF  THREE  CASES. 

Read  before  the  Medical  Society  of  the  County  of  Albany,  November 

8,1905. 

By  LEON  K  BALDAUF,  M.  D. 

(Prom  The  Bender  Laboratory.  Albany.  N.  Y.  ) 

The  recognition  of  primary  carinoma  as  a  not  infrequent 
disease  of  the  appendix  has  been  brought  about  during  the  past 
ten  years  as  the  direct  result  of  the  increasing  tendency  to 
examine  microscopically  all  tissues  removed  by  the  surgeon. 
Casuistic  reports  of  instances  of  this  disease,  thus  brought  to 
light,  have  appeared  in  rapid  succession  since  1896.  Letulle  and 
Weinberg,  Harte  and  Willson,  A.  O.  J.  Kelly,  Elting  and 
Moschowitz  have  each  reported  small  groups  of  cases  observed 
in  comparatively  short  periods  of  time.  Their  communications 
containing,  as  they  do,  general  conclusions  drawn  from  a  criti- 
cal review  of  the  literature,  have  done  much  to  bring  the  im- 
portant facts  concerning  primary  carinoma  of  the  appendix 
to  the  general  attention  of  the  profession.  Nevertheless  from 
a  perusal  of  this  literature  it  is  evident  that  many  points  are 
still  in  doubt  and  that  final  general  conclusions  can  be  reached 
only  after  a  much  larger  number  of  cases  have  been  placed 
on  record. 

It  is  with  the  desire  therefore  to  add  to  the  material  already 
available,  and  not  necessarily  to  present  anything  new,  that  this 
communication  comprising  a  report  of  three  cases  and  a  brief 
simmiary  of  those  already  described  is  presented. 

Case  I— Records  of  the  Bender  Laboratory,  Surg,  Path,  No.  04:128, 

Clinical  History^l/Lr.  H.,  male,  aged  thirty-eight,  was  admitted  to  the 

Albany  Hospital  on  February  22,  1904 :  service  of  Dr.  Albert  Vander  Veer. 

Family  history — Negative.     Past  history — ^Tsrphoid  fever  at  fourteen; 

otherwise   negative.     Present   illness— On    Sunday,    February   21st,   the 

patient  experienced  sharp  pains  radiating  from  the  center  of  the  abdomen 
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to  the  rifi^t  iliac  fossa;  several  attacks  of  vomittng;  no  coostiyataofL 
Blood  count  showed  a  lencocytosis  of  19/300,  Clinical  I>ta^:»am— Acute 
^>pendidtis. 

Operation,  February  22,  1904— "Appendix  bound  down  by  adhesions  and 
underneath  umbilicus.  Beginning  peritonitis.  Appendix  easily  removed.'' 
Recovery  uneventful.    Discharged  March  9,  1904. 

Pathological  Examination^Tht  specimen  consists  of  the  distal  portion 
of  the  appendix,  which  is  five  centimeters  in  length.  The  meso-appendix 
is  considerably  tiiickened.  The  peritoneal  surface  is  covered  with  greyish 
yellow  fibrin.  The  lumen  is  patent  throughout  The  mucosa,  which  in 
general,  is  of  an  opaque  yellowish  color,  and  deeply  injected,  exhibits 
a  few  small  fod  of  necrosis.    Anatomical  Diagnosis—Acatt  appendicitis. 

Microscopic  Description — ^The  lumen  is  much  smaller  than  normal  and 
contains  desquamated  epithelial  cells,  leucocytes  and  granular  debris. 
The  mucosa,  slightiy  infiltrated  with  leucocytes,  is  intact  in  about  two- 
thirds  of  its  circumference,  but  has  entirely  disappeared  at  that  portion 
of  the  organ  to  which  the  mesentery  is  attached.  Here  is  a  slightiy 
irregular  ulcerated  surface.  The  tissue  beneath  this  ulcer  is  composed 
of  closely  arranged  connective  tissue  forming  small  alveoli,  in  whidi  are 
masses  of  epithelial  cells.  This  new  growth  replaces  entirdy  the  mucosa 
at  this  point  and  invades  the  muscular  coat  The  masses  of  cells  are 
of  small  size  near  the  base  of  the  ulcer,  but  increase  in  size  as  the 
muscularis  is  reached;  though  in  the  outer  portions  of  the  latter  they 
again  diminish  in  size  and  are  not  very  abundant  Beneath  the  peri- 
toneum are  found  numerous  nests  of  epithelial  cdls  larger  than  those 
seen  in  any  other  portion  of  the  appendix.  These  pass  for  a  short  dis- 
tance into  the  loose  fatty  tissue  of  the  meso-appendix,  extending  ap- 
parently along  the  lymphatics.  The  cells  composing  the  epithelial  masses 
are  oval  or  polygonal  in  shape  with  considerable  light  protoplasm  and 
vesicular  nuclei.  No  tendency  to  tubular  arrangement  is  evident.  The 
stroma  is  a  loose  connective  tissue  with  numerous  lymphoid  and  plasma 
cells. 

Except  at  the  mesenteric  attachment  the  serosa  is  obscured  by  a  mass 
of  young  granulation  tissue  diffusely  infiltrated  with  leucocytes  and  con- 
taining small  areas  of  haemorrhage. 

Microscopic  Diagnosis— CdiTdnomaL  simplex  of  the  appendix  with  ulcera- 
tion.   Acute  appendidtis;  periappendicular  suppuration. 

Case  II— Records  of  the  Bender  Laboratory,  Surg.  Path.  No,  04:200. 

Clinical  History— Mr.  B.,  aged  twenty-three,  was  admitted  to  the 
Albany  Hospital  on  March  15,  1904;  service  of  Dr.  W.  G.  MacDonald. 
Family  Awfory— Negative.  Previous  Awfory— Negative.  Present  illness-— 
Patient  thinks  it  began  in  September,  1903,  when  he  had  severe  pains  in 
right  iliac  region  lasting  for  a  week.  He  had  a  similar  but  more  severe 
attach  in  October.  Present  attack  begim  on  evening  of  March  13th,  with 
pain  in  right  lower  quadrant  of  abdomen.  Pain  of  varying  severity  has 
continued  since.    Clinical  Dtflgnoxt^— Subacute  appendidtis. 

Operation,  March  i8th— "Appendix  removed  with  difficulty." 

Pathological  Examination — Specimen  consists  of  appendix  and  a  piece 
of  blood  stained  fatty  tissue.    The  appendix  considerably  thickened  meas- 
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cfuHimctcrg  in  length  tnd  eiglit-tenths  of  ft  centnncter  in 
fNitest  diameter.  The  terosa  is  covered  with  tags  of  fairly  firm  fibroni 
tisBne.  The  mucosa  is  swollen  and  granular,  while  the  Imnen  is  com- 
flet^  obliterated  at  a  point  five  centimeters  from  the  distal  end  The 
fat  tissne  acoompanying  appendix  is  haemorrhagic  and  firmer  than  osnaL 

Anaiomical  Diagnosii^-ChTomc  appendicitis  and  periappendicitis. 

Microscopic  DescripHon^Tht  Imnen  of  the  appendix  is  entirely  oblit* 
erated,  and  mucosa  and  submncosa  are  replaced  by  a  new  growth  of 
loose  connective  tissue,  in  the  meshes  of  which  are  epithelial  cells  closely 
massed.  This  new  growth  penetrates  to  a  slight  extent  the  moscnlar 
coat,  and  at  only  one  point,  opposite  the  attachment  of  the  meso-appendix^ 
the  masses  of  epithelial  cells  readi  the  subserous  tissues.  Here  however 
the  invasion  is  sharply  limited,  and  no  extension  to  the  meso-appendix 
is  apparent  The  muscular  and  subserous  coats  show  evidence  of  a  slight 
chr<mic  inflammation,  but  it  is  impossible  to  say  whedier  the  obliteration 
of  the  lumen  preceded  or  was  the  result  of  the  new  growth.  Although 
serial  sections  have  been  made  at  various  levels  of  the  tumor,  it  has  been 
impossible  to  determine  definitely  this  question.  Above  the  level  of  the 
tumor  the  organ  shows  evidence  of  a  mild  chronic  inflammation,  but  is 
otherwise  negative. 

Microscopic  Diagnosis — Carcinoma  simplex  of  appendix  with  oblitera- 
tion of  lumen.    Chronic  appendicitis. 

Case  III— 'Records  of  the  Bender  Laboratory,  Surg,  Path,  No.  04:406, 

Clinical  History — Miss  A.,  aged  eight  years,  admitted  to  the 
Albany  Hospital  on  May  14,  1904,  service  of  Dr.  Edgar  A.  Vander  Veer. 
Nothing  of  interest  in  family  or  previous  history.  There  were  no 
8ynq>tom8  referable  to  the  appendix  until  May  14th,  when  a  severe  acute 
attadc  of  appendicitis  developed.  At  the  operation,  on  May  i6th,  the 
appendix  was  found  to  be  surrounded  by  an  inflammatory  mass,  which 
was  adherent  also  to  the  omentum.  In  the  manipulations  attending  die 
removal  of  this  mass,  it  ruptured  and  a  small  amount  of  pus  escaped. 

Pathological  Examination — Specimen  consists  of  appendix  measuring 
five  and  five-tenths  centimeters  in  length,  the  upper  half  of  which  aver- 
aging five  millimeters  in  diameter,  is  practically  normal.  The  lower  half 
is  buried  in  a  mass  of  partially  organized  tissue  whidi  surrounds  the  tip 
of  the  appendix  in  a  layer  approximately  five  millimeters  in  thickness. 
The  wall  of  this  portion  of  the  appendix  is  thickened  and  indurated. 
The  mucosa  is  injected,  and  at  one  point  shows  a  superficial  loss  of  sub- 
stance. Lumen  normal.  Accompanying  the  specimen  is  a  piece  of 
omentum  measuring  4  x  3  x  1.5  centimeters,  showing  a  core  of  soft  yellow- 
ish material  surrounded  by  a  zone  of  translucent  granulation  tissue. 

Anatomical  Diagnosis— Pslt^qI  organization  of  periappendicular  abscess. 

Microscopic  Description — ^The  organ  is  entirely  surrounded  by  a  mass 
of  granulation  tissue,  which  in  some  places  is  quite  fibrous  while  in  other 
places  it  is  very  loose  and  vascular.  Leucocytes  are  abundant  throughout^ 
and  here  and  there  are  grouped  in  distinct  fod.  The  meso-appendix  is 
extensively  involved.    The  appendix,  greatly  distorted,  is  found  a  little 
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to  one  side  of  the  center  of  this  mass.  The  lumen  is  compressed,  tri- 
angular in  shape,  and  contains  a  few  leucocytes  and  a  small  amount  of 
granulate  material  A  very  definite  mucosa  is  seen,  but  the  glands  are 
few  in  number  and  irregularly  arranged.  The  cylindrical  surface  epithe- 
lium of  the  mucosa  is  very  distinct  and  show  a  superficial  ulceration 
over  an  area  corresponding  to  a  new  growth  which  involves  the  sub- 
mucosa.  Here  the  mucosa  contains  but  few  glands  and  several  small 
irregular  masses  of  epitheUal  cells  separated  by  a  loose  stroma  rich  in 
lymphoid  and  plasma  cells.  This  new  growth  involves  the  entire  sub- 
mucosa,  in  which  the  masses  of  epithelial  cells  are  larger  and  the  stroma 
more  fibrous.    There  is  no  invasion  of  the  muscular  coat 

Microscopic  Diagnosis — Carcinoma  simplex  with  ulceration;  periap- 
pendicular abscess. 

With  the  exception  of  Case  III,  which  is  the  first  reported 
instance  of  cancer  of  the  appendix  occurring  in  the  first  decade 
of  life,  these  cases  add  little  that  is  new  to  our  knowledge  of 
cancer  of  this  organ.  They  however  increase  the  number  of 
reported  cases  available  for  comparison  and  as  the  total  is  now 
34,  if  we  include  the  three  here  reported,  a  brief  resum6  of  the 
subject  may  be  justifiable. 

Summary  of  Reported  Cases  of  Primary  Cancer  of  the 

Appendix. 

In  the  following  paragraphs  is  given  a  brief  summary  of 
each  of  the  cases*  of  primary  cancer  of  the  appendix  reported 
prevous  to  1905.  The  first  twenty  are  those  examined  and  ac- 
cepted by  Elting  in  1903.  To  these,  others  since  reported  have 
been  added  and  although  the  list  may  not  be  completed,  it  rep- 
resents the  result  of  a  very  thorough  search  of  the  literature. 
No  case  has  been  included  unless  the  diagnosis  was  confirmed 
by  microscopic  examination. 

1.  Beger  (1882).  Male,  aged  forty-seven.  Three  and  one  half  years 
before  final  operation  a  tumor  of  right  inguinal  region  was  incised;  a 
litre  of  pus  was  removed;  sinus  persisted.  Adenocarcinoma  of  appendix 
involving  caecum  by  extension;  metastases  in  retroperitoneal  lymph 
nodes.    Died  thirty-six  hours  after  operation. 

2.  Stimson  (1896).  Female,  aged  forty-four.  Severe  attack  of  ap- 
pendicitis ten  years  previously.  Two  mild  attacks  within  two  months 
before  operation.    "Degenerated  carcinoma." 

3.  Letulle  and  Wcinhurg  (1897).  Autopsy  on  individual  dying  of 
tuberculosis.  Starting  point  of  carcinoma  at  line  of  fusion  in  appendix, 
the  lumen  of  which  had  been  obliterated  by  preexisting  chronic 
inflammation. 

*Since  preparing  this  list  Kelly  and  Hurdon  have  reported  three  additional  cases, 
fiee  Kelly  and  Hurdon,  The  Vermiform  Appendix  and  Its  Dltoftaes,  W.  B.  Saunders 
and  Ck).,  Philadelphia  and  London,  1905. 

48 


Digitized  by  VjOOQ  IC 


4.  Letulle  and  IVeinburg  (1897).  Terminal  extremity  of  appendix  scat 
of  a  peculiar  adenomatous  hyperthrophy  associated  with  obliterative 
appendicitis.  The  carcinoma  had  begtm  in  scar  and  had  involved  all 
the  coats  of  the  appendix. 

5.  Mosse  and  Daunic  (1897).  Female,  aged  fifty.  Autopsy.  No  his- 
tory of  appendicitis.  Tumor  in  mucosa  and  muscularis  in  part  alveolar 
and  in  part  cylindrical  cell  in  type. 

6.  Wright  0898).  Autopsy.  No  history.  Adeno-carcinoma  at  base 
of  appendix.    Peritonitis  due  to  perforation  of  appendix. 

7.  Hurdon  (1900).  Female,  aged  twenty-four.  Pain  in  lower  part  of 
abdomen  and  back  since  first  child  birth,  associated  latterly  with  con- 
stant aching  in  right  lumbar  region.  Operation  for  retroflexed  uterus; 
appendix  involved  in  dense  adhesions.  Adeno-carcinoma  involving  all 
coats  of  appendix. 

8.  Giscard  (1900).  Male,  aged  thirty-seven.  Two  severe  attacks  of 
appendicitis  within  nine  months.  Operation;  abscess  about  appendix; 
adeno-carcinoma. 

9.  Rolleston  (1900).  Female,  aged  twenty-six.  Four  attacks  of  ap- 
pendicitis within  fifteen  months.  "  Spheroidal-cell  carcinoma  near  tip." 
In  poor  health  several  months  after  operation. 

la  Letulle  and  Weinhurg  (1900).  Twelve  and  a  half  years  of  age. 
" Muco-membraneous  colic"  since  infancy;  history  of  two  attacks  of 
appendicitis  at  intervals  of  a  year.  Operation  after  subsidence  of  second 
attack,  which  was  very  acute.  Appendix  adherent  to  iliac  fossa,  upper 
portion  dilated,  lower  portion  contracted,  contains  an  enterolith,  //is- 
tological  examination — chronic  appendicitis  with  ulceration  in  upper  por- 
tion and  obliteration  and  carcinoma  in  lower  portion. 

11.  Letulle  and  Weinhurg  (1900).  Autopsy.  No  history.  Chronic 
obliterative  appendicitis  with  cancer  at  tip  of  organ. 

12.  McBurney  (1901).  Female,  aged  twenty-three.  Attack  of  appen- 
dicitis two  years  before  she  came  under  observation.  A  second  attack 
two  months  before  operation.  Strictures  at  base  and  tip  of  appendix; 
tumor  at  tip.     Carcinoma  simplex. 

13.  McBurney  (1901).  Male,  aged  thirty.  Autopsy.  No  previous  his- 
tory of  appendicitis.    Carcinoma  simplex. 

14.  Goife  (1901).  Female,  aged  fifteen.  For  more  than  a  year  pain 
in  the  appendiceal  region  on  exercising.  Chronic  appendicitis.  Car- 
cinoma simplex. 

15.  Harte  and  Willson  (1902).  Female,  aged  twenty-four.  At  nine- 
teen appendicitis;  in  bed  four  weeks.  Free  from  symptoms  for  three 
years.  At  twenty-three,  during  period  extending  over  whole  winter, 
experienced  pains  similar  to  those  three  years  previous.  Symptoms  dis- 
appeared finally,  but  reappeared  in  the  summer.  Operation— ahnost  com- 
plete obliteration  of  appendix.    Sdrrhus  carcinoma  at  tip. 

16.  Harte  and  WUlson,  Male,  aged  twenty-five.  Eight  months  prior 
to  the  operation  had  more  or  less  continuous  pain  in  the  right  iliac  fossa. 
Operation — adhesions;  perforation,  acute  suppurative  appendicitis.  Car- 
cinoma simplex  near  tip. 
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17*  Wier  (1902).  No  clinical  history  or  pathological  description. 
"Carcinoma."    No  return  after  three  years. 

18.  Jessup  (1902).  Female,  aged  thirty-six.  No  symptoms  of  ap- 
pendicitis; operation  for  disease  of  uterine  adnexia.  Cyst  of  ovary. 
Appendix  bound  down  with  adhesions  and  therefore  removed.  Adeno- 
carcinoma in  middle  third. 

19.  Kelly,  A,  O.  /.  (1902).  No  clinical  history.  Operation — ^acute 
ulcerative  appendicitis.    Carcinoma  simplex. 

20.  Kelly,  A.  O.  J,  (1902).  Male,  aged  eighteen.  Well  until  eight 
days  prior  to  admission,  when  symptoms  of  acute  appendicitis  developed. 
Operation— pus  about  appendix,  acute  ulcerative  appendicitis.  Carcinoma 
simplex  at  base. 

21.  Elting  (1903).  Male,  aged  eighty-one.  Autopsy.  No  symptoms 
of  appendicitis.  Colloid  cancer  of  appendix  with  perforation^  No 
metastases. 

22.  Elting  (1903).  Female,  aged  thirty-six.  Patient  enjoyed  good 
health  until  eight  years  previously,  when  she  had  an  attack  of  what  was 
called  "peritonitis,"  from  which  she  made  a  fairly  good  recovery.  Opera- 
tion for  "pelvic  disease."  No  symptoms  of  appendicitis.  Appendix  re- 
moved with  pelvic  organs.  Obliteraticm  of  lumen  of  entire  appendix 
with  carcinoma  simplex  of  distal  end.    In  good  health  three  years  after. 

23.  Elting  (1903).  Male,  age  ten.  Present  illness  began  in  January^ 
1902,  with  an  attack  of  acute  appendicitis  which  was  associated  with  the 
formation  of  an  indurated  mass  in  the  right  iliac  fossa,  in  which  after 
a  short  time  an  abscess  formed,  which  opened  internally  in  tiie  right 
lower  quadrant  of  the  abdomen.  The  sinus  still  existed  when  patient 
was  admitted  to  the  hospital.  Patient  had  lost  forty  pounds.  Operation — 
new  growth  involving  appendix,  caecum,  ilium,  and  portions  of  colon 
and  jejunum,  with  metastases  in  adjacent  lymph  nodes.  Died  about  two 
weeks  after  operation.  "  Primary  colloid  carcinoma  of  the  appendix  of 
an  adenomatous  type." 

24.  Moschcoivitz  (1903).  Male,  aged  thirty-seven.  Disturbance  for 
three  years,  supposed  to  be  alcoholic  gastritis;  later  symptoms  of  ap- 
pendicitis with  general  peritonitis.  Operation — general  peritonitis.  Ap- 
pendix surrounded  by  adhesions  and  partially  gangrenous  with  tumor  at 
tip  size  of  a  bean.  Adeno-carcinoma.  No  recurrence  eighteen  months 
after  operation. 

25.  Moschcowitz.  Female,  aged  twenty.  Typical  attack  of  appen- 
dicitis. Operation — acute  inflamed  appendix;  carcinoma  simplex  one  inch 
from  tip. 

26.  Moschcowits.  Female,  aged  twenty-four.  Five  months  pregnant 
Foetal  movements  felt  for  two  weeks.  Present  history  five  days  duration. 
Pain  in  epigastrium,  fever,  leucocytosis.  Exploratory  laparotomy.  Ap- 
pendix adherent  to  iliac  fossa.  Chronic  appendicitis;  medullary  car- 
cinoma of  distal  portion. 

27.  Burnam  (1904).  Male,  aged  twenty-five  years.  For  two  years 
patient  had  recurring  attacks  of  pain  in  right  lower  quadrant  of  ab- 
domen. Operation — acute  appendicitis  with  adeno-cardnoma  of  distal 
end  of  appendix. 
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26.  N orris  (1904).  Female,  aged  twenty-seven.  No  history  of  ap- 
pendicitis. Operation  for  retroflexed  uterus,  pyosalpinx  and  inguinal 
hernia.  Appendix  removed  because  of  reddened  and  adherent  distal  end. 
Obliterative  appendicitis  with  carcinoma  simplex  at  tip. 

29.  Neri  (1904).  Male,  aged  twenty-nine.  Repeated  attacks  of  ap- 
pendicitis.    Chronic  appendicitis  with  adeno-carcinoma. 

30.  Jones  and  Simmons  (1904).  Female,  aged  twenty-six.  Four 
attacks  in  twelve  years,  termed  colic  Chronic  appendicitis  with  car- 
cinoma simplex  at  base  of  appendix. 

31.  CulHngworth  and  Corner  (1904).  Female,  aged  thirty-one.  Had 
had  two  attacks  of  pain  in  right  side.  Operation  for  tumor  of  right 
broad  ligament  Appendix  removed  on  account  of  bulbous  enlargement 
at  distal  end.  "Spheroidal  cell"  carcinoma.  No  recurrence  after  three 
years. 

Frequency  of  occurrence.  The  older  statistics,  as  quoted  by 
A.  O.  J.  Kelly,  indicate  that  before  the  days  of  routine  micro- 
scopic examination  carcinoma  of  the  appendix  was  but  rarely 
seen.  Thus  in  40,838  autopsies  at  the  Vienna  General  Hos- 
pital from  1870-1892  carcinoma  of  the  appendix  occurred,  ac- 
cording to  the  compilation  of  Madyl  and  Nothnagel,  but  twice. 
Leichtenstem's  series  of  770  cases  of  intestinal  carcinoma  con- 
tains three  examples  of  cancer  of  the  appendix.  Kelynack  in 
1893  could  find  no  record  of  an  undoubted  primary  cancer  of 
the  appendix.  In  this  connection  he  quotes  the  records  of  four 
London  hospitals  which  gave  a  total  of  15481  new  growths 
but  with  no  mention  of  a  neoplasm  of  the  appendix.  Since 
that  time  thirty-one  cases  nearly  all  detected  only  upon  micro- 
scopic examination  have  been  reported.  In  1900  Hurdon  found 
but  ten  cases  in  the  literature  and  of  these  but  three  were  con- 
firmed by  microscopic  examination.  Elting  in  1903  brought  to- 
gether forty  cases,  only  twenty  of  which  however  he  accepted  as 
primary.  With  the  three  cases  here  reported  the  total  number 
of  cancers  apparently  primary  in  the  appendix  and  confirmed 
by  a  microscopic  examination  is  now  thirty-four.  Cancer  of 
the  appendix  is  therefore  no  longer  a  rarity,  but  these  figures 
unfortunately  give  no  adequate  idea  of  its  frequency  in  relation 
to  other  diseases  of  the  appendix.  Few  operators  make  it  a  rule 
to  have  all  appendices  which  they  remove  examined  micro- 
scopically. As  a  rule  only  those  which  show  to  the  naked  eye 
some  unusual  appearance  are  investigated  and  thus  most  of  the 
reported  cases  have  been  discovered.  Little  information  con- 
cerning the  incidence  of  cancer  in  a  large  number  of  appendices 
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examined  microscopically  as  a  matter  of  routine  is  available. 
Practically  the  only  series  is  that  of  Kelly,  who  found  primary 
cancer  twice  in  706  appendices  removed  at  operation.  The 
three  tumors  here  reported  occurred  in  a  series  of  201  appen- 
dices removed  at  operation  and  examined  microscopically 
between  August  31,  1903,  and  September  i,  1904.*  Previous 
to  September  i,  1905,  320  appendices  removed  at  operation  had 
been  examined  at  the  Bender  Laboratory,  though  not  always 
histologically,  and  as  two  of  Elting*s  cases  were  drawn  from 
this  number,  we  have  a  total  of  five  primary  cancers  in  a  group 
of  521  examinations  in  one  laboratory  and  representing  practi- 
cally the  operations  of  one  hospital  (Albany  Hospital)  for  a 
period  of  eight  years.  Moschcowitz's  three  cases  occurred  at 
the  Mount  Sinai  Hospital  within  a  period  of  sixteen  months 
in  a  service  averaging  yearly  200  to  300  operations  for  appendi- 
citis; all  appendices  however  were  not  examined  microscopic- 
ally. Neri  reports  one  cancer  occurring  in  a  series  of  eighty 
appendices  removed  in  Biondi*s  clinic.  It  is  obviously  impossible 
to  draw  definite  conclusions  from  these  figures.  Of  the  two 
properly  controlled  series,  Kelly's  indicates  that  cancer  occurs 
in  relation  to  other  diseases  of  the  appendix  as  i  .'353,  while 
our  series  shows  a  proportion  of  1 167.  Estimating  the  other 
series  of  cases  in  the  same  way,  we  have  for  Elting's  group 
a  ratio  of  i  :i6o,  for  Moschcowitz's  i  :i25,  while  the  total  num- 
ber of  specimens  examined  ^it  Bender  Laboratory  would 
yield  a  proportion  i  .-104.  Although  these  figures  vary  consider- 
ably, it  would  nevertheless  appear  justifiable  to  conclude  that 
routine  histological  examination  of  all  appendices  removed  at 
operation  would  demonstrate  primary  carcinoma  to  be  present 
in  about  one  per  cent  of  all  cases. 

Etiology. 

The  only  factors  worthy  of  consideration  in  this  connection 
are  sex,  age  and  antecedent  pathological  conditions  of  the  ap- 
pendix. 

Sex,  An  analysis  of  the  twenty-seven  cases  in  which  the  sex 
of  the  patient  is  stated  shows  that  fifteen  were  females  and  twelve 

^Dr.  Pearee  tells  me  Uiat  in  the  following  nine  months,  ending  Jnly  1>  1906, 
214  appendices  were  examined  at  the  Bender  Laboratoiy  and  that  but  one  primarj 
cancer  was  f  onnd. 
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males.  These  figures  would  indicate  that  sex  is  not  a  predispos- 
ing factor,  as  might  appear  to  be  the  case  from  some  of  the 
earlier  reports  which  show  that  three-fourths  of  the  cases  occur 
in  females. 

Age.  One  is  accustomed  to  regard  carcinoma  as  a  disease  of 
those  in  or  past  the  fourth  decade  of  life.  Carcinoma  of  the 
appendix  is  a  surprising  exception  to  this  view.  Of  the  twenty- 
eight  cases  in  which  the  age  is  stated,  it  is  seen  that  all  but  four 
of  the  individuals  were  imder  forty  years  of  age  and  seventeen, 
or  60.7  per  cent.,  were  under  thirty. 

The  largest  number  of  cases  in  any  one  decade  occurred  in 
the  third;  the  extremes  are  represented  by  individuals  aged 
eight  and  eighty-one  years  respectively.  The  first  decade  is 
represented  by  one,  the  second  by  five,  the  third  by  eleven,  the 
fourth  by  seven,  the  fifth  by  two,  the  sixth  by  one,  the  seventh 
and  eighth  by  none,  and  the  ninth  by  one  case. 

Relation  to  inHammatory  conditions.  The  frequent  occurrence 
of  carcinoma  of  the  appendix  as  shown  by  the  above  analysis 
in  the  earlier  years  of  life  has  been  noted  by  all  who  have  in- 
vestigated this  subject.  This  has  led  to  the  general  opinion 
that  the  inflammatory  lesions  of  the  appendix  which  occur  so 
commonly  in  the  same  period  have  some  etiological  relation  to 
the  new  growth.  Letulle  and  Weinburg  especially  have  empha- 
sized the  relation  of  cancer  to  chronic  obliterative  appendicitis. 
Their  view  is  exceedingly  plausible  for  the  appendix  is  a  vestigial 
organ  and  it  is  well  known  that  in  such,  as  well  as  in  atrophied 
organs,  lawless  growth  of  epithelium  is  prone  to  occur.  Chronic 
obliterative  appendicitis  is  usually  accompanied  by  some  atrophy 
Juid  considerable  displacement  of  epithelial  elements.  Under 
such  circimistances  irregular  growth  of  epithelium  in  the  midst 
of  the  irregular  connective  tissue  proliferation  could  readily 
be  understood.  There  is  however  as  yet  insufficient  evidence 
to  support  this  view.  Aside  from  Letulle  and  Weinburg's  four 
cases,  in  but  two  is  an  obliteration  of  the  lumen  mentioned 
and  in  these  it  is  not  clear  whether  the  obliteration  pre- 
ceded or  was  the  result  of  the  new  growth.  In  one  of  our 
cases  it  was  impossible  to  determine  this  point.  In  five  other 
cases  a  definite  microscopic  diagnosis  of  chronic  appendicitis 
is  made.  It  is  of  interest  also  that  a  large  proportion  of  the 
cases  give  a  history  of  previous  attacks  referable  to  the  ap- 
pendix.    On  the  other  hand  in  a  larger  number  of  cases  the 
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tumor  gave  rise  to  no  symptoms  or  to  but  one  acute  attack.  It 
is  obvious  therefore,  that  while  it  is  possible  that  cancer  of  the 
appendix  may  bear  some  relation  to  chronic  inflammatory  dis- 
turbance of  the  organ,  further  detailed  investigations  are  neces- 
sary before  it  can  be  determined  whether  the  latter  are  the  cause 
or  the  result  of  the  new  growth. 

Pathology. 

Location  of  tumor.  The  location  of  the  tumor  is  more  or 
less  definitely  stated  in  twenty  of  the  descriptions;  in  twelve  it 
occurred  at  the  distal  end  usually  at  the  tip  of  the  organ,  in 
three  at  the  base,  in  two  in  the  middle  third  and  in  three  it  in- 
volved the  caecum.  In  these  last  it  is  possible  that  the  point  of 
origin  was  in  the  caecum. 

Gross  appearance.  The  tumor  in  most  instances  was  obscured 
by  acute  inflammation  or  in  an  obliteration  of  the  lumen  of 
the  appendix  and  therefore  was  not  recognized  upon  macro- 
scopic examination;  such  was  the  case  in  each  of  the  three 
cases  here  reported.  In  those  reports  accompanied  by  a  gross 
description,  the  new  growth  is  usually  described  as  a  firm 
white  nodule.  The  size  of  the  tumor  varies  considerably;  the 
larger  ones  are  described  variously  as  of  the  size  of  a  marble, 
a  pea  or  a  cherry  pit;  others  measure  from  five  to  thirteen 
millimetres  in  diameter.  Occasionally  no  distinct  tumor  is  evi- 
dent but  merely  a  localized  thickening  of  the  wall,  or  more 
frequently,  an  obliteration  of  the  lumen  indistinguishable  from 
a  chronic  obliterative  inflammation. 

Histology.  Seventeen  tumors  have  been  described  as  carci- 
noma simplex,  alveolar  or  spheroidal  cancer;  in  one  of  these 
the  qualifying  adjective,  medullary,  was  used  and  in  one, 
scirrhus.  Eight  have  been  termed  adeno-carcinoma  or  cylindri- 
cal cell  cancer,  two  colloid  and  seven  merely  carcinoma.  The 
predominating  type  of  tumor  therefore  appears  to  be  the  simple 
alveolar  cancer. 

Extension,  Metastases  and  Recurrence.  Appendiceal  cancer 
shows  little  tendency  to  invade  other  tissues.  Three  cases  of 
involvment  of  the  caecum  have  been  reported.  In  one  (Jones 
and  Simmons)  the  invasion  of  the  caecum  was  slight ;  in  another 
(Beger)  a  tumor  the  size  of  a  walnut  projected  into  the  caecum 
and  metastases  were  found  in  the  retroperitoneal  glands;  in 
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Elting's  case,  the  adjacent  coils  of  small  and  large  intestine 
were  affected  as  were  also  the  lymph  nodes.  With  these  ex- 
ceptions, cancer  of  the  appendix  appears  to  have  little  tendency 
to  extension;  the  growth  being  limited  as  a  rule  to  submucosal 
and  muscular  coats.  In  Norris'  case  and  in  Case  II  here  re- 
ported a  tendency  to  extend  into  the  meso-appendix  was 
observed.  Metastases  have  been  described  only  in  the  two  cases 
of  Beger  and  Elting  just  cited.  Little  information  concerning 
recurrence  of  the  ttmior  after  removal  is  available.  Few  re- 
ports contain  the  after  history  of  the  patient  and  indeed  the 
majority  of  reports  are  so  recent  that  sufficient  time  has  hardly 
elapsed  for  observations  on  this  point.  RoUeston,  on  accotmt 
of  the  poor  health  of  his  patient  several  months  after  opera- 
tion, suspected  a  recurrence.  Wier's  patient  was  in  good  health 
three  years  after  operation.  Harte  and  Willson  quote  a  personal 
communication  from  Hurdon  stating  that  her  patient  was  in 
good  health  two  years  after  operation,  with  no  evidence  of 
recurrence.  Moschcowitz  had  occasion  to  open  the  abdomen 
of  his  first  patient  one  and  one-half  years  after  removal  of  the 
appendix  and  found  no  evidence  of  recurrence  of  carcinoma  at 
the  site  of  the  previous  operation. 

Associated  Lesions.  These  include  practically  all  the  acute 
and  chronic  inflammatory  conditions  which  may  affect  the  ap- 
pendix. Acute  lesions  were  present  in  twelve  of  the  cases  cited 
above,  and  include  suppurative,  ulcerative  and  gangrenous  ap- 
pendicitis, periappendiceal  abscess  and  peritonitis.  The  chronic 
lesions  in  thirteen  cases  include  chronic  interstitial  and  oblitera- 
tive  appendicitis,  chronic  periappendicitis  and  organization  about 
chronic  abscess.  Not  infrequently  acute  and  chronic  lesions 
were  associated.  A  sinus  discharging  externally  was  present 
in  each  of  two  of  the  cases  of  periappendiceal  abscess.  Per- 
foration is  noted  in  two  cases.  In  one,  discovered  at  autopsy, 
a  general  peritonitis  was  present;  in  the  other,  at  operation, 
a  brownish  fluid  with  faecal  odor  escaped  on  opening  the  peri- 
toneum. Elting's  case  of  colloid  cancer,  found  at  autopsy, 
showed  rupture  without  evidence  of  inflammation.  Enteroliths 
have  been  noted  in  a  few  instances. 

Clinical  History.  On  examination,  the  clinical  data  accom- 
panying the  cases  here  recorded  shows  that  appendiceal  carci- 
noma gives  rise  to  no  peculiar  symptoms ;  the  symptoms  demand- 
ing operation  have  in  all  instances  been  those  of  the  associated 
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acute  or  chronic  inflammation.  An  analysis  gives  the  following 
results:  Six  tumors  discovered  at  autopsy,  death  being  due  to 
other  causes,  with  no  history  of  symptoms  referable  to  the  ap- 
pendix ;  six  discovered  while  operating  for  the  relief  of  symptoms 
referable  to  disease  of  the  pelvic  organs,  and  twenty-two  in 
which  the  operation  was  done  on  account  of  symptoms  more 
or  less  definitely  those  of  appendicitis.  Of  the  latter  in  two 
no  details  of  the  clinical  history  are  given;  in  four  there  is  a 
history  of  a  single  sharp  attack;  in  ten  a  history  of  recurrent 
appendicitis  with  from  two  to  four  definite  exacerbations 
and  in  six  a  history  of  symptoms  referable  to  the  appendix 
and  covering  a  considerable  period  of  time.  It  is  worthy  of 
note  that  in  all  cases  which  demanded  operation  the  symptoms 
were  those  of  inflammation  of  the  appendix.  The  four  cases  in 
which  no  inflammation  was  found  were  among  those  discovered 
at  autopsy  or  during  operation  for  disease  of  other  organs. 
It  would  seen  therefore  justifiable  to  conclude  that  the  tumor 
itself  while  limited  to  the  appendix  gives  rise  to  no  pathognomo- 
nic symptoms ;  all  manifestations  demanding  operation  are  those 
of  the  associated  inflammation. 

Conclusions. 

1.  Primary  carcinoma  of  the  appendix  is  present  in  from  one- 
third  to  one  per  cent,  of  the  appendices  removed  at  operation; 
its  discovery  at  autopsy  is  very  unusual. 

2.  It  is  a  tumor  of  early  life,  occurring  usually  between  the 
ages  of  ten  and  forty;  the  largest  number  being  in  the  third 
decade. 

3.  It  occurs  with  equal  frequency  in  either  sex. 

4.  Acute  or  chronic  inflammatory  lesions  are  usually  present 
and  are  responsible  for  the  symptoms  demanding  operation;  the 
tumor  itself  while  localized  gives  rise  to  no  pathognomonic 
symptoms. 

5.  Direct  extension  to  other  organs  and  metastasis  are  rare. 

6.  The  usual  type  is  the  simple  alveolar  cancer;  adeno-carci- 
noma  occurring  next  in  frequency,  while  colloid  cancer  is 
unusual. 

7.  Conclusive  information  concerning  the  relation  of  this 
lesion  to  other  diseases  of  the  appendix  can  only  be  obtained 
by  the  careful  routine  histological  examination  of  all  appendices 
removed  at  operation. 
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RETENTION-   CYST    AND    DIVERTICULUM    OF    THE 
VERMIFORM  APPENDIX. 

By  ERASTUS  CORNING. 
(From  the  Bender  Labormtoir.  Albany.  N.  T.) 

Retention  cyst  of  appendix. — ^The  recognition  of  retention  cyst, 
known  also  as  cystic  dilation,  hydrops  and  mucocele  of  the  appen- 
dix, is  generally  ascribed  to  Virchow,*  who  characterizes  it  as 
simple  cyst  caused  by  the  retention  of  mucus  in  an  organ,  partially 
or  completely  obliterated  in  its  proximal  portion.  Virchow,  how- 
ever, refers  to  Rokitansky's*  earlier  observation  that  an  obstruc- 
tion of  the  appendix  leads  to  an  accumulation  of  colloid  material 
and  a  cystic  condition  which  he  terms  hydrops  of  the  appendix. 
Some  of  the  lesions  of  the  appendix  reported  at  about  this  time 
as  tumor  would  appear  rather  to  be  retention  cysts.  Virchow 
states  that  he  considers  the  colloid  tumor  described  by  Gahtgens 
in  1853  to  be  such.  There  is  also  some  doubt  concerning  the 
nature  of  the  tumors  of  the  appendix  reported  by  Rokitansky*  in 
1867  as  colloid  cancer.  The  gross  descriptions  of  these 
accurately  characterize  cystic  dilation  and  in  the  absence  of 
microscopic  examinaton  there  is  reasonable  doubt  as  to  whether 
they  are  examples  of  cancer  or  cyst. 

The  subject  of  cystic  dilation  has  never  attracted  much  atten- 
tion, probably  because  it  is  never  recognized  clinically  and  also 
because  pathologically  it  is  generally  considered  to  be  merely  an 
unusual  form  of  chronic  appendicitis.  Still  the  literature  con- 
tains many  reports  of  cases.  Van  Hook*  in  1896  was  able  to 
collect  thirty-two  cases  in  which  the  condition  was  found  either 
at  autopsy  or  operation ;  a  cursory  review  of  the  literature  indi- 
cates that  to  date  only  about  sixty  cases  have  been  reported. 
The  largest  number  reported  by  a  single  investigator  are  the  six 
described  by  Ribbert'  in  1893.  Statistics  based  on  autopsy 
material  indicate,  however,  that  it  is  not  very  infrequent.  Rib- 
bert's  cases  were  found  in  the  course  of  400  post  mortem  exam- 
inations.   Bryant*  found  one  in  124  autopsies,  Steener^  three  in 
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2,286  autopsies,  Boody*  one  in  528,  and  Christian*  sixteen  in 
3,770.  These  figures,  however,  give  no  information  concerning 
the  frequency  of  cystic  dilation  as  compared  with  other  diseases 
of  the  appendix  as  seen  at  operation  and  as  far  as  I  am  aware, 
no  series  showing  such  incidence  exists.  On  this  point  the 
records  of  the  Bender  Laboratory  offer  some  definite  informa- 
tion. During  a  period  of  somewhat  less  than  nine  years  735 
appendices  removed  at  operation  have  been  examined;  five  or 
0.68  per  cent,  were  examples  of  cystic  dilation.  These  figures 
and  those  of  Christian,  which  gave  042  per  cent,  for  autopsy 
material,  indicate  that  this  lesion  is  relatively  not  infrequent. 

The  size  of  the  tumor  is  variable.  Virchow  mentions  a  dilation 
the  size  of  a  man's  fist ;  Kelly*®  describes  one  the  size  of  a  small 
orange;  and  Guttman**  one  fourteen  centimetres  in  length  and 
twenty-one  centimetres  in  its  greatest  circumference.  As  a  rule, 
however,  the  size  is  stated  to  be  that  of  a  walnut,  a  goose  egg,  a 
hen's  egg  or  a  small  sausage.  The  smaller  localized  protrusions 
occasionally  described  are  in  all  probability  divertcula. 

The  gross  appearance  of  the  cyst  varies  according  to  the  loca- 
tion of  the  constriction.  If  the  latter  is  at  or  near  the  caecum 
the  cyst  appears  to  be  more  or  less  continuous  with  the  caecum 
and  may  have  a  tendency  to  an  erect  position.  Occasionally  the 
intra-appendiceal  pressure  may  cause  the  cyst  to  protrude  inta 
the  caecum.  When  the  obstruction  is  some  distance  from  the 
caecum  the  cyst  has  the  appearance  of  a  tumor  with  a  pedicle 
connecting  it  with  the  caecum.  Very  rarely  two  cysts  may 
develop.  The  walls  may  be  thick  and  firm  or  thin  and  trans- 
lucent. Adhesions  to  adjacent  organs  are  common.  The  shape 
of  the  cyst  is  as  a  rule  cylindrical,  unless  the  structure  is  near 
the  tip.  Kelly  and  Hurdon*^  describe  an  appendix  which  was 
seen  at  operation  six  years  before  its  removal.  At  that  time  in 
the  median  portion  was  a  single  cyst  with  obliteration  of  the 
lumen  beyond.  Upon  its  removal  after  six  years  three  cysts 
separated  by  fibrous  partitions  had  formed;  the  later  ones  had 
developed  in  the  proximal  portion.  The  material  within  the  cyst 
is,  as  a  rule,  a  thick  gelatinous  substance  so  tenacious  that,  as 
Virchow  states,  it  may  be  picked  up  with  forceps  and  cut  with 
scissors.  As  a  rule  this  substance  is  more  or  less  turbid,  but 
occasionally  it  is  distinctly  translucent  and  of  a  greenish  yellow 
color.  Sometimes  thin  watery  clear  fluid  or  a  thicker  milky 
fluid  is  found.    The  material  may  be  blood  stained.    The  con- 
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sistence  of  the  fluid  depends  on  the  functional  activity  of  the 
mucosa  and  is  therefore  an  index  of  the  degree  of  atrophy  of  the 
latter.  If  the  cyst  becomes  infected,  suppuraftion  (empyaema  of 
the  appendix)  may  result. 

The  mucosa  is  usually  smooth  and  glistening  with  evidence  of 
atrophy  due  to  mechanical  pressure.  The  finely  granular  velvet 
like  surface  due  to  the  presence  of  lymphoid  tissue  is  absent 
Histologically  the  picture  is  that  of  a  chronic  inflammation  and 
atrophy.  Submucosa  and  lymphoid  nodules  have  as  a  rule  en- 
tirely disappeared.  The  mucosa  is  very  thin,  seldom  contains 
glands  and  is  usually  represented  by  a  layer  of  low  columnar 
or  cuboidal  epithelium.  In  the  muscular  coat  fibrous  thickening, 
often  hyaline,  occurs,  and  infiltration  of  lymphoid  cells  is  com- 
mon. Occasionally  small  strands  of  fibrous  tissue  may  bridge 
the  lumen  irregularly. 

Cystic  dilation  is  usually  due  to  a  chronic  appendicitis  in 
which,  in  the  process  of  healing,  opposing  denuded  surfaces 
become  fused  together  and  cause  obliteration  of  the  lirnien.  The 
secretion  in  the  distal  end  accumulates  and  as  there  is  no  outlet 
a  cyst  results.  The  following  description  by  A.  O.  J.  Kelly  of 
repair  of  appendiceal  inflanmiation  puts  the  matter  very  accu- 
rately: "That  portion  of  the  wall  of  the  appendix  which  is  the 
seat  of  erosion  or  ulceration  is  replaced  by  newly  formed  con- 
nective tissue,  which  like  all  newly  formed  connective  tissue, 
tends  to  contract  and  to  form  cicatricial  tissue.  As  a  conse- 
quence the  lumen  becomes  contracted.  If  there  have  been  several 
points  of  ulceration,  there  will  also  be  several  points  of  stenosis 
of  the  lumen.  Depending  upon  the  situation,  size,  and  shape  of 
these  cicatrices,  there  results  either  a  transverse  narrowing  of 
the  lumen,  or,  particularly  if  the  cicatrix  be  longitudinal  rather 
than  annular,  there  will  ensue  a  shortening  of  the  organ  along 
one  side — a  curling  up  of  the  appendix,  or  an  angulation,  flexure, 
twist,  etc.  If  there  be  several  cicatrices,  the  utmost  distortion 
of  the  appendix  may  be  produced.  On  the  other  hand,  there  may 
be  complete  obliteration  of  the  lumen  of  the  appendix  at  one 
or  more  points  along  its  length.  It  is  readily  conceivable  that  in 
the  event  of  annular  ulceration,  granulating  surfaces  being  every- 
where opposed  to  granulating  surfaces,  these  adhere,  and,  as  the 
processes  of  regeneration  and  organization  go  on,  become  per- 
manently united  by  means  of  newly  formed  connective  tissue. 
Such  obliteration  of  the  lumen  may  be  circumscribed  or  general- 
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ized.  In  the  latter  case  obliterating  appendicitis  results;  in  the 
former  merely  a  local  obliteration.  The  latter  may  be  situated 
an)rwhere,  and  not  uncommonly  gives  rise  to  a  condition  known 
as  cystic  dilation,  retention  cyst,  hydrops,  or  mucocele  (Fere) 
of  the  appendix.  The  development  of  this  condition  of  cystic 
dilatation  of  the  appendix  depends  upon  several  factors.  The 
obstruction  of  the  lumen  must  be  complete,  or  almost  so:  the 
obstruction  or  obliteration  must  have  obtained  at  a  time  when 
the  affected  portion  of  the  organ  contained  no  pathogenic  micro- 
organisms, the  mucus  membrane  of  the  affected  portion  must  be 
intact,  or  at  least  capable  of  functionating;  and  the  secretion  by 
the  mucus  membrane  must  be  more  rapid  than  the  absorption 
from  the  portion  of  the  appendix  involved.  If  the  obstruction 
be  not  complete,  the  secretion  is  likely  to  be  forced  through 
even  a  narrow  opening  with  sufficient  rapidity  to  prevent  a  large 
accumulation,  and,  on  the  other  hand,  infection  is  likely  to  occur 
through  the  patulous  lumen,  converting  a  cystic  dilatation  into 
an  empyaema.  If  there  are  already  virulent  bacteria  in  the 
affected  portion  of  the  appendix,  an  empyaema,  of  course,  rather 
than  a  cystic  dilatation,  will  develop  in  the  first  place.  If  the 
mucous  membrane  is  incapable  of  functionating,  there  can  be  no 
accumulation  of  fluid,  and  the  same  is  also  true  if  absorption 
be  more  rapid  than  secretion." 

It  is  a  matter  of  interest  that  in  a  case  reported  by  Gruber**  a 
tuberculous  ulcer  apparently  aided  in  bringing  about  complete 
stricture  of  the  appendix. 

It  is  obvious  that  it  is  only  in  connection  with  inflammatory 
obliteration  of  the  lumen — ^a  formation  of  synechia  similar  to 
that  seen  in  various  cavities  of  the  body — ^that  retention  cyst 
can  develop.  It  cannot  develop  in  that  form  of  obliteration 
which  Ribbert  and  others  regard  as  an  involution  process  in  a 
vestigial  functionless  organ  for  in  such  appendices  the  oblitera- 
tion begins  at  the  tip  and  gradually  involves  the  entire  organ; 
there  is,  under  such  circumstances,  no  possibility  of  the  retention 
of  secretion. 

Not  all  cases,  however,  are  due  to  obliteration  of  the  lumen. 
A  cystic  condition  may  be  caused,  as  in  the  case  reported  by 
Treves  and  Swallow  by  a  twist,  kink  or  angulation  of  the  appen- 
dix. Periappendiceal  adhesions  may  assist  in  maintaining  such 
a  condition. 

Other  forms  of  cyst  as  the  hydatid  reported  by  Lafforgue  and 
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the  subserous  cyst  mentioned  by  Christian  do  not  come  within 
the  scope  of  this  communication. 

Clinically,  cystic  dilation  gives  rise  to  no  pathognomcmic  symp- 
toms and  the  condition  is  usually  mistaken  for  some  other  form 
of  appendicitis  or  is  discovered  accidentally.  A  palpable  tumor 
in  the  right  iliac  fossa,  as  in  the  cases  of  Wier^'  and  Landen- 
berger**  should,  in  the  absence  of  acute  s)rmptoms,  cause  reten- 
tion cyst  to  be  considered.  Aside  from  this  the  symptoms  are 
usually  obscure  or  suggestive  of  chronic  appendicitis.  Wood^^ 
has  called  attention  to  the  possibility  of  mistaking  the  tumor  for 
floating  kidney  and  also  to  the  danger  of  rupture  by  taxis  when 
the  cyst  is  in  an  inguinal  hernia.  Such  an  accident  is  reported 
by  Van  Hook.  .Wolfer  and  McArthur**  each  report  a  case  of 
cystic  appendix  in  the  sac  of  a  hernia. 

There  appears  to  be  no  relation  between  cystic  dilation  and 
cancer  of  the  appendix,  though  both  have  an  interesting  relation 
to  obliterative  lesions.  In  a  small  proportion  of  the  cases  of 
cancer  the  tumor  develops  in  an  obliterated  portion  of  the  ap- 
pendix, usually  the  tip  of  the  organ.  Obliteration  at  this  point 
is,  however,  as  a  rule  that  due  to  involution  rather  than  to  inflam- 
mation. The  only  cystic  carcinoma  limited  to  the  appendix,  is 
the  case  of  colloid  cancer  reported  by  Elting,^*  if  we  exclude 
Rokitansky's  cases,  which  in  the  absence  of  microscopic  examina- 
tion appear  to  be  retention  cysts.  On  the  other  hand  Elting's 
tumor  appears  to  be  a  primary  lesion,  for  in  the  description,  no 
mention  is  made  of  an  obliteration  of  the  proximal  portion  of 
the  appendix.  Furthermore,  in  cystic  dilation  the  changes  in  the 
epithelial  cells  are  those  of  atrophy  rather  than  of  proliferation. 

Diverticulum  of  the  appendix. — ^The  condition  known  as 
diverticulum  of  the  appendix  has  attracted  but  little  attention. 
Ribbert  appears  to  have  been  the  first  to  report  this  conditon. 
He  describes  a  retention  cyst  on  the  surface  of  which,  at  the 
mesenteric  border,  was  a  group  of  small  cysts  which  he  con- 
sidered to  be  caused  by  the  cystic  dilatation  of  glands  in  the 
mucosa.  Kelynack*®  reports  a  somewhat  similar  condition  in 
which  two  diverticula  were  directed  beneath  the  folds  of  the 
mesentery.  Hawkins  mentions  an  appendix  with  five  or  six 
diverticula.  Kelly  and  Hurdon  refer  to  a  case  in  which  the 
diverticulum  was  associated  with  retention  cyst.  Edel,** 
Fischer,**  and  Hedinger**  each  report  single  cases  of  diverti- 
culum; Lejars  and  Menetrier,"  two  cases;  and  Mertens,** 
three  cases  in  a  series  of  139  specimens  examined. 
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In  the  cases  above  quoted,  cystic  dilation  of  the  appendix  ex- 
isted in  four,  cancer  in  one,  and  tuberculosis  in  one.  Periap- 
pendicular adhesions  are  frequently  mentioned.  Lejars  and 
Menetrier  describe  an  acute  inflammation  affecting  the  diverti- 
cula in  one  of  their  cases ;  to  this  condition  they  give  the  name 
of  "appendicite  diverticulaire."  The  size  of  the  diverticula 
varies.  In  some  cases  they  were  found  only  on  histologic  exam- 
ination; in  others  they  are  small  nodular  protuberances  on  the 
surface  of  the  appendix.  Lejars  and  Menetrier  describe  them  as 
hemispherical  elevations  varying  in  size  from  that  of  a  raisin 
to  a  small  pea.  The  largest  apparently  is,  that  of  Fischer,  which 
measures  ii  x  12  millimetres. 

It  is  a  general  rule  that  diverticula  of  various  portions  of  the 
intestine  occur  in  individuals  past  middle  life;  to  this  rule 
diverticulum  of  the  appendix  is  not  an  exception.  The  age  is 
given  in  seven  of  the  twelve  cases  collected  by  Hedinger ;  in  five 
of  these  it  varied  from  sixty-six  to  seventy-five;  in  one  it  was 
forty-seven  and  in  another  fifteen.  Ribbert  states  that  the  lesion 
which  he  reports  occurred  in  an  old  man,  while  Fischer's  was  in 
an  individual  about  fifty.  On  the  other  hand  the  appendix  de- 
scribed by  Hedinger  was  that  of  a  newly-born  child. 

Most  if  not  all  of  the  diverticula  of  the  appendix  belong  to  the 
group  of  false  diverticula,  that  is,  they  are  a  protrusion  of  the 
mucosa  and  submucosa  through  the  muscular  coat.  The  wall 
of  the  sac  therefore  has  no  muscular  coat  thus  differing  from 
true  diverticula  in  which  all  coats  are  represented.  False  diverti- 
cula, as  far  as  is  known,  are  acquired  and  never  congenital.  It 
is  of  interest  therefore  to  consider  the  conditions  in  the  appendix 
which  may  be  concerned  in  the  etiology  of  diverticula.  The  asso- 
ciation of  obstructed  lumen  and  cystic  dilation  in  five  of  the 
cases,  including  the  one  here  reported,  strongly  supports  the 
theory  which  ascribes  the  chief  influence  to  increased  intra- 
intestinal  pressure;  in  this  instance,  of  course,  intra-appendiceal 
pressure.  Likewise  the  frequency  with  which  the  processes 
penetrate  the  mesentery  supports  those  observations  which  indi- 
cate that  the  divertictilum  forms  at  the  point  of  least  resistance, 
that  is  along  the  sheath  of  a  blood  vessel  (vein)  passing  from 
the  intestine  into  the  mesentery. 

Traction  is  not  believed  to  be  a  common  cause  of  diverticulum 
though  true  diverticula  of  the  intestine  have  several  times  been 
described  as  the  result  of  traction  exerted  by  accessory  pancreas 
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or  connective  tissue  bands.  Such  traction  on  the  appendix  asso- 
ciated with  inflammation,  or  the  pressure  of  faeces,  might  lead 
to  pressure  atrophy  of  the  mucosa  and  muscularis  and  a  condi- 
tion analagous  to  false  diverticulum. 

That  diverticulum  of  the  appendix  may  be  congenital  has  been 
definitely  determined  by  Hedinger's  observation  of  the  condition 
in  a  newly-born  child. 

Report  of  Cases. 

The  records  of  the  Bender  Laboratory  covering  a  period  of 
nine  years  contain  descriptions  of  735  appendices  removed  at 
operation ;  among  these  are  found  four  examples  of  cystic  dila- 
tion, with  also,  in  one,  a  peculiar  form  of  divertictilum.  Other 
diverticula  of  lesser  degree  may  have  occurred  during  this  period, 
but  if  so  have  not  been  sufiiciently  characteristic  to  attract  atten- 
tion.   The  descriptions  of  these  appendices  follow: 

Case  I.— Records  of  the  Bender  Laboratory,  Surg.  Path,  No.  49:60, 

Clinical  History— Mr.  B.,  aged  16,  admitted  to  the  Albany  Hospital 
Service  of  Dr.  W.  G.  Macdonald,  February  16,  1900.  Past  history— 
Negative.  Family  history — Negative.  Present  illness — Six  weeks  ago 
and  again  three  weeks  ago  well-marked  attacks  of  appendidds,  the  sec- 
ond lasting  two  weeks.  Attacks  began  with  diffuse  pain,  starting  in  the 
region  of  the  stomach,  finally  localizing  in  the  right  side.  Clinical  diag- 
nosis— Chronic  appendicitis.  Operation — February  17th;  uneventful  recov- 
ery; discharged  March  3d,  cured. 

Pathological  Examination. — Gross  Description — ^The  specimen  consists 
of  an  appendix  removed  at  operation.  It  is  6  cm.  in  length ;  the  proximal 
portion  for  a  distance  of  3  cm.  averages  7  mm.  in  diameter;  the  distal 
half  is  much  enlarged,  and  measures  from  13  to  16  mm.  in  greatest 
transverse  diameter.  The  vessels  of  the  peritoneal  covering  are  much 
congested.  The  enlarged  distal  portion  is  distinctiy  cystic  and  on  pressure 
a  small  quantity  of  mucoid  material  can  be  expressed  through  the  nar- 
rowed lumen  of  the  proximal  portion  of  the  appendix.  The  dilated  por- 
tion of  the  appendix  is  found  to  contain  a  considerable  amount  of  gela- 
tinous mucoid  material.  On  the  side  opposite  the  mesenteric  attachment, 
the  walls  of  the  appendix  are  distinctly  hypertrophied  and  the  mucous 
membrane  is  thickened.  Along  the  mesenteric  attachment  in  the  upper 
portion  of  the  cystic  enlargement  the  walls  of  the  organ  are  greatly 
thinned  and  at  one  point  is  a  minute  opening  2  mm.  in  diameter,  which 
is  plugged  with  mucoid  material.  On  this  side  of  the  appendix  the  mucosa 
appears  to  be  entirely  atrophied  for  some  distance.  A  similar  atrophy 
of  the  muscular  coat  over  a  small  area  is  also  evident.  Again  at  a 
lower  point  the  material  in  the  lumen  of  the  appendix  appears  to  have 
destroyed  by  pressure  all  portions  of  the  wall  except  the  peritoneal  coat 

6s 


Digitized  by  VjOOQ IC 


and  has  separated  the  peritoneum  from  the  muscle  for  a  short  distance^ 
forming  a  small  cystic  cavity  4  mm.  in  diameter,  the  walls  of  which  are 
somewhat  irregular.  At  a  point  14  mm.  from  the  beginning  of  the  dila- 
tion of  the  appendix  the  lumen  rapidly  narrows  until  it  measures  but 
2  mm.  in  diameter.  This  condition  extends  for  a  distance  of  about  4  mm., 
when  the  lumen  again  enlarges  to  form  a  dilation  8  mm.  in  length,  and 
7  mm.  in  transverse  diameter.  The  walls  surrounding  this  area  of  dila- 
tion are  hypertrophied  and  the  mucous  membrane  in  some  places  is  some- 
what thickened,  in  other  places  apparently  atrophied.  Toward  the  tip  of 
the  appendix  the  dilation  of  the  lumen  ceases;  the  lumen  of  the  extreme 
tip  is  obliterated. 


Illufltratee  ledons  of  Case  I.  Larger  cavity  is  that  of  cystic  appendix  with  marked 
atrophy  of  muooaa  and  aubmucosa;  smaller  cavity  is  the  divertictdtim  in  the  mesen- 
tery.   (x6.) 

Anatomical  Diagnosis — Chronic  appendicitis  with  cystic  dilation  of  dis- 
tal end. 

Histologic  Description — Sections  through  four  different  levels  of  the 
cystic  dilation  were  studied.  Unfortunately  no  sections  were  taken  through 
the  constricted  portion.  To  the  naked  eye  sections  from  each  level  show  in 
the  attached  mesentery  a  circular  opening,  which  at  first  glance  apparently 
a  blood  vessel,  proves  when  placed  under  the  microscope  to  be  a  cavity 
lined  by  a  mucosa  similar  in  every  respect  to  that  of  the  appendix  proper. 
This  diverticulum  varies  in  diameter  in  the  hardened  and  stained  prepara- 
tion from  0.15  to  0.35  cm;  its  form  is  almost  uniformly  circular  though 
occasionally  oval. 
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The  lumen  of  the  appendix  proper  is  dilated,  and  that  portion  of  its 
wall  most  distant  from  the  mesentery  is  much  thickened.  The  lumen  is  free 
except  for  small  masses  of  mucoid  material  adherent  here  and  there  to  the 
mucous  membrane.  The  character  of  the  latter  varies  at  different  levels, 
but  atrophy  is  everywhere  a  prominent  feature  of  the  lesion.  The  sur- 
face epithelum  is  of  the  cylindrical  goblet  cell  type  and  forms  an  un- 
brc^en  ring  about  the  entire  circumference  of  the  appendix.  This  surface 
epithelium  is  directly  continuous  with  that  of  the  glands  opening  into 
the  lumen.  These  glands  are  all  lined  by  the  same  tall  cylindrical  cells 
with  clear  periphery.  Many  of  the  glands  are  small  and  irregular;  others 
are  dilated,  forming  small  cysts  in  the  mucosa.  Opposite  the  diverticulum 
they  have  almost  entirely  disappeared.  The  interglandular  tissue  of  the 
mucosa  is  rich  in  eosinophiles.  The  lymphoid  nodules  are  very  small,  appear- 
ing usually  as  narrow  elongated  patches;  on  the  mesenteric  side  they  are 
entirely  absent  The  submucosa  is  very  indistinct  and  slightly  infiltrated 
with  lymphoid  cells  and  eosinophiles,  as  are  also  the  muscular  coats  and 
the  subserous  tissues.  The  blood  vessels  of  the  latter  are  numerous  and 
greatly  congested.  On  the  mesenteric  side,  between  the  diverticulum  and 
the  appendix  proper,  the  muscular  coat  is  much  thinner  than  on  the  op- 
posite side. 

The  diverticulum  lies  outside  the  muscular  coat  in  a  loose  vascular 
adipose  tissue  freely  infiltrated  with  lymphoid  cells.  The  mucosa  of  the 
diverticulum  is  very  similar  to  that  of  the  appendix  itself,  though  the 
glands  are  smaller  and  fewer  in  number,  and  the  surface  epithelium  is 
not  so  markedly  of  the  "goblet  cell"  type.  A  delicate  muscularis 
mucosa,  and  submucosa  are  evident,  as  are  also  a  few  small  accumula- 
tions of  lymphoid  cells,  which  however  bear  no  resemblance  to  lymph 
follicles.  Eosinophiles  are  numerous.  No  muscular  coat  can  be  seen  at 
any  level;  the  diverticulum  is  thus  of  the  type  characterized  as  false. 

Microscopic  Diagnosis — Chronic  appendicitis  with  cystic  dilation  and 
false  diverticulum. 

By  comparing  the  gross  and  histological  appearances  it  is 
apparent  that  this  diverticulum  ran  through  the  greater  portion 
of  the  cystic  dilation.  Unfortunately  owing  to  the  fact  that  it 
was  not  recognized  upon  gross  examination  its  exact  length 
and  its  mode  of  termination  cannot  be  determined.  It  appears 
justifiable  to  conclude  that  the  small  opening  plugged  with  mucus 
at  the  upper  portion  of  the  dilation  noted  in  gross  examination  was 
the  point  of  origin.  From  here  it  passedapparently  through  the 
muscular  coat  and  instead  of  protruding  any  distance  into  the 
tneso-appendix,  passed  downwards  in  close  relation  to  the 
muscular  coat.  As  it  is  seen  in  four  different  sections  taken  at 
various  levels  of  the  dilation  it  must  have  passed  almost  to  the 
tip  of  the  organ  which  would  give  it  a  length  of  about  three 
centimetres.     Whether  it  terminated  blindly  or  communicated 
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again  with  the  lumen  of  the  appendix  cannot  be  determined. 
The  possibility  of  the  latter  is  suggested  by  the  small  irregular 
dilation  of  the  end  of  the  appendix  noted  in  the  g^oss  description. 

Cast  II—Records  of  the  Bender  Laboratory,    Surg,  Path,  No,  49:76. 

Clinical  History— Mrs.  G.,  aged  50,  patient  of  Dr.  Albert  Vander  Veer, 
Albany  Hospital  Family  history — Negative.  Past  history — ^Always  more 
or  less  constipated  Present  illness^For  the  past  three  or  four  years  has 
had  colicky  pains  in  right  lower  abdominal  region.  Three  months  ago 
the  patient  had  a  well  defined  attack  of  appendicitis,  with  constipation, 
pain  and  vomiting.  Enemata  were  given,  and  the  patient  made  a  good 
recovery.    An  operation  was  advised,  but  postponed  temporarily. 

Operation  by  A.  Vander  Veer,  December  26th.  On  opening  the  ab- 
dominal cavity,  a  small  amount  of  serous  fluid  escaped.  The  appendix 
was  found  back  of  the  caecum  and  bound  down  by  adhesions. 

Pathological  Description. 

Gross  Description — Specimen  consists  of  the  distal  3  cm.  of  an  appendix. 
The  proximal  end  has  very  thick  walls  and  the  lumen  is  almost  entirely 
obliterated  for  a  distance  of  5  mm.  Below  this  the  organ  is  enlarged, 
averaging  14  mm.  in  diameter.  There  are  a  few  adhesions  over  the 
serous  surface.  The  peritoneum  is  injected,  and  there  are  a  number  of 
discrete  and  confluent  pin-point  subperitoneal  haemorrhages.  At  one 
place  the  wall  is  thin,  and  presents  a  perforation  3  mm.  in  diameter 
with  irregular  edges.  (This  perforation  was  produced  artificially  after 
removal  of  the  appendix.)  On  section  the  mucous  membrane  of  the 
distal  2.5  cm.  is  pale  and  covered  with  a  yellowish,  almost  transparent 
jelly-like  colloid  material.  The  remainder  of  the  mucous  membrane  is 
smooth  and  free  from  this  material.  The  walls  of  the  organ  are  con- 
siderably thickened.  The  musculature  averages  4  mm.  in  thickness.  In 
the  neighborhood  of  the  perforation  the  wall  is  very  thin,  the  mucous 
membrane  and  musculature  have  entirely  disappeared  over  an  area  4  mm. 
in  width.  The  mesentery,  which  accompanies  the  specimen,  is  deeply 
congested. 

Accompanying  the  specimen  was  a  large  mass  of  colloid  material,  yel- 
lowish red  in  color;  and  distinctly  striated.  The  reddish  color  present 
is  apparently  due  to  the  presence  of  blood  or  blood  pigment 

Anatomical  Diagnosis — Chronic  obliterative  appendicitis  with  cystic 
dilation. 

Microscopic  Description — A  section  through  the  proximal  end  shows 
the  normal  structures  of  the  appendix  to  be  entirely  obliterated  by  a 
chronic  inflammation,  which  leaves  only  a  narrow  slit-like  opening  lined 
by  a  very  low  cylindrical  epithelium.  The  glands  and  lymph  nodules  have 
been  entirely  destroyed,  and  the  submucosa  has  been  replaced  by  a  dense 
connective  tissue  more  or  less  hjraline  in  character.  The  muscular  coat 
is  very  thick  and  replaced  in  part  by  fibrous  tissue.  Lymphoid  cells  are 
numerous  throughout  all  coats.  The  serous  coat  is  thickened  and  ad- 
herent to  it  are  numerous  vascular  fibrous  tags.  In  the  submucous, 
muscular  and  serous  coats  of  a  lower  level  is  seen  the  same  chronic 
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inflammatory  condition  as  in  previous  section.  In  the  center  of  the  sec- 
tion is  an  irregular  lumen  much  smaller  than  normal,  which  contains 
blood  stained  colloid  material  The  mucosa  consists  of  low  irregular 
papillary  projections  lined  by  three  or  four  layers  of  cylindrical  cells;  no 
glands  are  present 

A  section  through  the  point  of  greatest  dilation  shows  aa  area  of 
chronic  ulceration  in  intimate  contact  with  the  colloid  contents  of  the 
lumen.  The  colloid  material  which  stains  deeply  with  haematoxylin  is 
dear  and  hyaline  with  a  more  or  less  stratified  arrangement,  and  con- 
tains no  cells. 

Case  III— Records  of  the  Bender  Laboratory,  Surg,  Path.  No,  49:^12. 

Clinical  History— Mr.  D.,  aged  36,  admitted  to  the  Albany  Hospital, 
service  of  Dr.  Albert  Vander  Veer,  on  June  9,  1902.  Family  and  past 
history  negative.  Present  illness— Attzdkt  of  sudden  abdominal  pain  in 
August,  1901,  and  four  similar  attacks  since.  Now  presents  symptoms 
of  acute  appendicitis.  Operation  June  loth;  appendix  deep  in  pelvis  and 
firmly  bound  by  adhesions. 

Pathological  Examination — Gross  description — Specimen  consists  of  the 
distal  portion  of  the  appendix  vermiformis,  and  is  4  cm.  in  length  and 
irregularly  distended.  The  outer  wall  is  roughened  with  blood  stained 
fibrous  adhesions.  The  diameter  of  the  tube  at  proximal  end  is  1.5  cm. 
On  section  the  lumen  of  the  appendix  is  found  to  contain  a  colloid  sub- 
stance, which  can  easily  be  expressed;  the  wall  is  thickened.  The  mucous 
membrane  appears  thickened  and  oedematous,  and  near  the  tip  the  mucous 
membrane  forms  a  small  pouch-like  dilation,  which  is  filled  with  colloid 
material. 

Anatomical  Diagnosis — Chronic  appendicitis  with  localized  cystic 
dilation. 

Histological  Examination — ^Two  sections  through  proximal  portion  of 
the  appendix  show  evidence  of  chronic  inflanunation  involving  all  coats 
of  the  organ.  The  serosa  is  thickened,  and  to  it  are  adherent  numerous 
vascular  tags  of  fibrous  tissue.  The  mucosa  is  atrophied  and  contains  a 
few  small  irregular  glands  widely  separated;  the  surface  epithelium  has 
almost  entirely  disappeared;  the  lymphoid  nodules  are  small  and  irregular. 
The  lumen  contain  a  colloid  material  with  fragments  of  desquamated 
epithelial  cells.  A  section  through  the  dilated  portion  shows  the  same 
general  condition,  and  in  addition,  a  cavity  4  mm.  in  diameter  between  the 
muscular  and  serous  coats.  This  latter  cavity  contains  a  material  which 
is  similar  to  that  in  lumen  of  appendix,  but  is  richer  in  cell  debris  and 
contains  red  blood  corpuscles.  Its  epithelial  membrane  has  almost 
entirely  disappeared,  but  here  and  there  are  small  accumulations  of 
cuboidal  epithelium;  no  glands  are  evident  The  surrounding  tissue  is 
freely  infiltrated  with  lymphoid  and  plasma  cells  and  a  few  polymor- 
phonuclear leucocytes.  Much  old  blood  pigment  is  present  This  cavity 
is  apparently  the  periphery  of  the  cystic  dilation  mentioned  in  the  gross 
description;  unfortunately,  the  section  does  not  pass  through  opening 
into  appendix  proper. 
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This  case  presents  a  few  points  of  peculiar  interest.  No 
cause  for  the  retention  of  secretion  was  evident  either  upon 
gross  or  histological  examination.  A  constriction  may  have  ex- 
isted at  the  junction  of  appendix  with  caecum,  or  a  twist  may 
have  been  present.  Unfortunately  the  clinical  notes  contain  no 
reference  to  the  conditions  found  at  operation  other  than  that 
the  appendix  lay  in  the  pelvis  and  was  bound  down  by  adhesions. 
The  histological  picture,  however,  justifies  the  diagnosis  of  cystic 
dilation.  The  small  pouch  at  the  distal  end  must  be  considered 
as  a  false  diverticulum.  In  view  of  the  observations  of  Lejars 
and  Menetrier  concerning  "  diverticular  appendicitis "  it  is  of 
interest  that  in  this  pouch  we  have  an  ulcerative  inflammation 
which  though  of  a  chronic  character  is  more  active  than  that  in 
the  appendix  proper. 

C(ue  IV— Records  of  the  Bender  Laboratory,  Surg.  Path.  No.  04:123, 

CHnical  history—Mx^.  H.  T.,  aged  60,  admitted  to  the  Albany  Hospital^ 
service  of  Dr.  A  W.  Elting,  February  18,  1904.  Family  /iwtory— Father 
living.  Mother  died  at  22  after  amputation  of  knee  for  tuberculosis.  Past 
htstory—Hsid  pneumonia  in  1891.  Has  had  two  living  children  and  one 
miscarriage.  Always  had  painful  menstruation.  Menopause  at  47.  Present 
illness — ^About  25  years  ago  patient  noticed  a  pulsating  tumor  in  median 
line  of  abdomen,  and  on  exertion  had  severe  pain  in  epigastrium  and 
thorax  with  dyspnoea.  At  the  same  time  she  had  occasional  attacks  of 
vertigo,  but  never  became  completely  unconscious.  In  August,  1903, 
she  was  confined  to  bed  for  three  weeks  after  severe  attack  of  pain  in 
the  abdomen.  At  this  time  the  pulsation  disappeared,  though  swelling 
remained  in  median  line  of  hypogastrium.  There  was  difficulty  in  micturi- 
tion and  defaecation.  Micturition  was  frequent  Appetite  good.  No  his- 
tory of  vomiting. 

Patient  on  admission  was  found  to  be  a  very  small  framed,  poorly 
developed  and  poorly  nourished  woman.  Skin  and  mucous  membranes 
pale.  Pulse  100;  low  tension;  poor  quality.  Wall  of  artery  somewhat 
thickened.  Lungs  slightly  emphysematous.  Heart  negative.  Abdomen 
decidedly  prominent,  particularly  in  the  lower  portion.  Prominence  ap- 
pears to  be  symmetrical,  and  seems  to  emerge  from  the  pelvis.  On  pal- 
pation a  large  tumor  mass  can  be  felt,  which  apparently  occupies  the 
entire  pelvis  and  projects  upward  to  about  the  level  of  the  umbilicus. 
This  tumor  is  of  rather  firm  consistence  and  somewhat  irregtdar  outline. 
It  does  not  appear  to  be  at  all  moveable.  There  is  some  tenderness  on 
palpation  over  the  tumor.  Distention  of  the  intestines  is  evident,  and 
the  action  of  the  bowels  has  been  extremely  sluggish.  Operation,  Febru- 
ary 20th.  Median  incision  between  the  umbilicus  and  pubes  exposes  a 
cyst  lying  in  the  pelvis  and  found  to  be  adherent  to  adjacent  structures. 
On  opening  the  cyst  about  1,000  cc.  of  semi-solid  gelatinous  material  can 
be  removed.     Left  tube  and  ovary  removed.     Dilated  appendix  with  a 
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portion  of  caecum,  supposed  to  be  a  colloid  cancer  of  the  appendix,  dis* 
sected  away. 

The  patient  recovered  satisfactorily  from  the  shock  of  the  operation,  and 
her  convalescence  was  uninterrupted. 

Pathological  Examination—Gross  description— Material  received  as  two 
separate  specimens.  Smaller  specimen  is  an  appendix,  the  distal  end 
of  which  is  enlarged  to  form  a  globular  cyst  3.5  cm.  in  diameter.  The 
proximal  portion  3.5  cm.  in  length  has  an  outside  diameter  of  from  0.8  to 
1.2  cm.,  and  has  a  patent  lumen.  The  entire  spedmen  is  covered  with 
blood  stained  fibrous  tags.  The  wall  of  the  cystic  portion  is  2  mm.  in 
thickness,  while  that  of  proximal  portion  measures  3  mm.  The  cyst  con- 
tains an  amber  colored  jelly-like  material.  Specimen  not  turther  ex- 
amined, but  placed  in  fixation  fluid. 

Larger  specimen  consists  of  approximately  1,200  cc  of  thick  dark  amber 
mucoid  material  and  a  collapsed  cyst  wall.  The  latter  when  distended 
measures  14  cm.  in  its  greatest  diameter.  Its  wall  is  i  to  2  mm.  in 
Sickness.  Attached  to  this  piece  of  cyst  wall  by  bands  of  fibrous  tissue 
is  a  portion  of  normal  Fallopian  tube  6  cm.  in  length. 

Anatomical  Diagnosis — Colloid  cyst  of  appendix.  Unilocular  cyst  of 
ovary.    Normal  Fallopian  tube. 

Microscopical  Description,  Appendix — Lumen  greatly  dilated.  Mucosa 
and  submucosa  atrophied.  Mucosa  is  so  stretched  that  tubules  are  very 
•  shallow  or  entirely  obliterated,  and  form  a  continuous  layer  with  irregular 
projections  into  the  submucosa.  No  isolated  glands  are  present  The 
epithelial  cells  are  elongated,  compressed  and  practically  all  of  the  goblet 
cell  type.  In  some  places  the  glandular  appearance  is  entirely  lost,  and 
the  lining  epithelium  consists  of  but  a  single  layer  of  low  cuboidal  cells. 
The  lumen  is  filled  with  an  almost  homogeneous  hyaline  material,  which 
stains  faintly  with  haematoxylin.  The  l3rmphoid  nodules  are  atrophied 
and  few  in  number.  The  muscular  coat  shows  increase  of  connective 
tissue  and  slight  infiltration  of  lymphoid  cells. 

Microscopic  Diagnosis — Colloid  retention  cjrst  of  appendix. 

In  this  case  as  in  the  previous  one  the  cause  of  the  retention 
is  not  apparent.  The  portion  of  appendix  received  from  the 
surgeon  showed  the  lumen  of  proximal  end  to  the  patent  and 
the  description  of  the  operation  makes  no  mention  of  obstruction. 
It  is  possible  that  the  large  ovarian  cyst  may,  by  pressure,  have 
caused  an  obstruction  or  kink  of  the  appendix,  but  on  this  point 
there  is  no  information. 

The  fcJlowing  case  of  colloid  deposit  about  the  appendix, 
though  it  illustrates  neither  cystic  dilation  nor  diverticulum,  is 
believed  to  be  of  some  interest  because  of  the  possibility  of  con- 
fusing it  with  a  ruptured  cystic  appendix. 

Records  of  the  Bender  Laboratory,  Surg.  Path.  No.  58:119. 
Clinical  History— Mrs.  B.,  aged  40,  admitted  to  the  Albany  Hospital, 
service  of  Dr.  W.  G.  Macdonald,  on  September  2,  1903.    Family  history — 
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Father  and  brother  died  of  tuberculosis.  No  history  of  cancer.  P<ist 
history — Patient  had  the  usual  diseases  of  childhood.  Her  menstruation 
began  at  13,  and  has  always  been  regular.  She  had  two  children  and 
one  miscarriage.  She  had  "inflammation  of  the  bowels'*  at  the  age  of 
12  years.  At  the  age  of  20  she  was  troubled  by  bleeding  from  the  bowels. 
For  the  past  two  years  patient  has  sufFered  from  indigestion.  She  has 
always  been  more  or  less  constipated.  Present  illness — On  the  28th  of 
July  the  patient  felt  perfectly  well  and  spent  most  of  the  morning  out 
of  doors.  She  ate  a  hearty  dinner,  and  at  three  o'clock  in  the  afternoon 
was  taken  ill  with  severe  pain  in  the  right  iliac  region.  At  this  time  she 
vomited  once.  In  a  short  time  she  complained  of  pains  throughout  the 
abdomen.  At  midnight  she  took  an  enema  with  good  results.  The  next 
day  a  physician  was  called,  who  made  a  diagnosis  of  chronic  appendicitis 
with  pelvic  inflammatory  disease,  and  advised  operation. 

Operation,  September  3d,  by  Dr.  W.  G.  Macdonald.  Incision  in  the 
median  line  between  the  symphysis  and  umbilicus.  The  appendix  was 
found  bound  down  by  adhesions.  There  was  an  ovarian  cyst  on  the 
right  side.  Operation  consisted  of  repair  of  the  cervix,  curettment  of 
uterus,  clamp  cautery  for  haemorrhoids,  right  salpingo-oOphorocystoctomy 
and  appendectomy. 

Pathological  Examination — Gross  description— Material  to  be  examined 
consists  of  appendix  and  Fallopian  tube  with  broad  ligament. 

The  appendix  is  of  normal  size  with  mesentery  attached.  The  peri- 
toneal surface  is  blood  stained  and  congested.  All  coats  are  greatly 
thickened;  the  mucosa  is  swollen.  At  tip,  externally,  is  an  accumulation 
of  thick  colloid  material  intimately  adherent  to  appendix  and  apparently 
covered  by  peritoneum.    No  evidence  of  rupture  or  perforation. 

The  Fallopian  tube  is  swollen,  and  its  walls  thickened,  its  peritoneal 
surface  injected,  and  its  lumen  contains  a  thin  purulent  fluid.  Near 
distal  end  in  the  broad  ligament  is  a  thin  walled  cyst  6  cm.  in  diameter, 
containing  clear  slightly  yellow  mucoid  fluid.    Ovary  absent. 

Anatomical  Diagnosis — Colloid  mass  about  tip  of  appendix.  Cyst  of 
broad  ligament;  chonic  salpingitis. 

Microscopic  Examination — Appendix — The  mucosa  and  submucosa  are 
normal  The  muscular  coat  appears  to  be  greatly  thickened.  Intimately 
adherent  to  the  serosa,  and  equalling  the  section  of  the  appendix  in  size, 
is  a  roughly  circular  mass  of  colloid  material  taking  a  faint  haematoxylin 
stain.  This  mass  is  partially  organized,  having  an  alveolar  appearance, 
due  to  septa  of  new  formed  connective  tissue.  Numerous  new  formed 
blood  vessels  penetrate  the  mass  at  various  angles,  and  there  is  con- 
siderable infiltration  with  lymphoid  cells  and  polymorphonuclear  leu- 
cocytes. Adherent  to  this  mass  and  connecting  it  with  the  appendix,  as 
well  as  to  the  adjacent  adipose  tissue,  are  strands  of  newly  formed  con- 
nective tissue. 

Fallopian  tube — ^Lumen  contains  pus  cells  and  granular  material.  Papil- 
lary processes  largely  destroyed;  those  remaining  are  infiltrated  with 
lymphoid  cells  and  leucocytes.'  This  infiltration  extends  through  all  the 
coats.    The  serosa  is  thickened  and  edematous. 
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Microscopic  Diagnosis — Organizing  mass  of  colloid  adherent  to  ap- 
pendix.   Chronic  salpingitis. 

At  first  glance  the  condition  just  described  was  supposed  to 
be  either  a  ruptured  colloid  cyst  of  the  appendix  or  a  colloid 
cancer.  Careful  gross  examination  ruled  out  the  first  and  micro- 
scopic examination  the  latter.  The  absence  of  either  acute  or 
chronic  inflammation  of  the  inner  coats  of  the  appendix  would 
contraindicate  an  explanation  based  on  the  supposition  of  a 
previous  rupture.  The  appearance  of  the  mucosa  was  not  that 
of  retention  cyst.  "It  is  apparent,  therefore,  that  the  material 
about  the  appendix  can  be  considered  only  as  an  acctunulation 
resulting  from  the  rupture  of  a  colloid  cyst  elsewhere  in  the 
abdomen.  A  cyst  of  the  ovary  or  broad  ligament  would  appear 
to  be  the  most  probable  source.  The  operator  noted  a  cyst  on 
the  right  ovary  and  the  gross  examination  of  the  tube  revealed 
a  cyst  of  the  broad  ligament.  It  is  possible  that  a  third  cyst, 
which  in  its  collapsed  state,  escaped  observation  may  have  been 
the  source  of  the  colloid  material.  The  sudden  attack  of  severe 
abdominal  pain,  in  the  absence  of  previous  symptoms,  is  very 
suggestive  of  the  rupture  of  a  cyst  with  the  escape  of  its  con- 
tents into  the  abdominal  cavity.  The  degree  of  organization  in 
and  about  the  colloid  material  was  about  what  would  be  expected 
in  the  period  which  had  elapsed. 

Rupture  of  ovarian  cysts  leading  to  interesting  secondary 
lesions  in  the  abdomen,  although  by  no  means  common,  is  a 
well  understood  condition.  The  localization  of  the  cyst  contents 
about  the  appendix  and  its  discovery  at  operation  are,  however, 
very  unusual. 
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THE  ELIMINATION  OF  ENDOGENOUS  URIC  ACID 
IN  A  CASE  OF  CHRONIC  GOUT.* 

By  ARTHUR  T.  LAIRD,  M.  D., 

Lectarer  in  CUsical  Microsoox>y.  Albany  Medical  College. 
(Fiom  the  Bender  Laboratory,  Albany,  N-  ¥•) 

During  the  past  few  years  as  the  result  of  numerous  investiga- 
tions of  uric  acid  metabolism,  views  concerning  uric  acid  forma- 
tion have  been  greatly  modified.  The  theory,  once  almost  univer- 
sally accepted,  that  in  mammals,  uric  acid  is  a  product  of  the 
metabolism  of  all  albumins  and  represents  a  stage  preceding  the 
formation  of  the  end-product,  urea,  has  been  abandoned.  A  con- 
siderable number  of  definite  new  facts  has  been  established  and 
new  theories  have  been  brought  forward  to  explain  them. 

Only  a  brief  summary  of  the  more  important  points  in  regard 
to  this  work  will  be  given  here.  For  more  complete  information 
and  for  references  to  the  extensive  literature  the  reader  is  re- 
ferred to  reviews  by  Baumgarten,  Futcher  and  others.* 

According  to  recent  views  the  uric  acid  eliminated  by  the 
normal  human  body  when  the  individual  is  on  a  mixed  diet  is 
from  two  sources ;  that  from  the  food,  which  is  called  the  "exog- 
enous" uric  acid;  and  that  from  the  metabolic  processes  of  the 
individual  which  is  known  as  "endogenous"  uric  acid.  The  same 
terms,  first  used  by  Burian  and  Schur,*  apply  also  to  the  bodies 
closely  related  to  uric  acid  known  as  the  xanthin  or  purin  bases. 
Uric  acid  and  purin  bases  together  are  called  "purin  bodies"  or 
"purins."    It  is  stated"  that  of  the  purins  eliminated  in  the  urine 

*  Pnbliihed  alio  in  American  Mfdicint,  1905,  x.  315. 
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nine-tenths  are  present  as  uric  acid  and  one-tenth  as  purin  bases. 
Kaufmann  and  Mohr,*  however,  find  variations  in  the  relations 
of  uric  acid  to  total  purins. 

As  a  result  of  the  work  of  Mares,*  Horbaczewski,*  and  others, 
the  exogenous  purins  in  the  urine  of  mammals  are  believed  to 
arise,  not  Jrom  the  decomposition  of  all  albumins,  but  only  from 
the  nucleins  and  the  preformed  purins  which  they  contain.  The 
other  nitrogenous  elements  of  the  food  are  said  to  produce  no 
uric  acid  or  purin  bases  in  the  urine. 

More  recent  investigations,  particularly  those  of  Burian  and 
Schur,*  Siven,^  and  others,  have  led  to  general  conclusions  regard- 
ing the  formation  and  elimination  of  exogenous  and  endogenous 
uric  acid.  The  validity  of  some  of  these  conclusions  may  fairly 
be  questioned. 

According  to  these  investigators  the  endogenous  uric  acid  and 
purin  bases  found  in  the  urine  arise  from  metabolic  processes 
which  go  on  independently  of  the  amount  or  composition  of  the 
food,  e.  g.,  from  the  destruction  of  the  nuclein  of  body  cells. 

Burian  and  Schur  have  also  claimed  that  the  exogenous  and 
endogenous  uric  acid  and  purins  found  in  the  urine  of  man  can 
be  separately  and  accurately  determined.  From  analysis  and 
experiment  they  conclude  that  the  fdlowing  articles  are  practi- 
cally free  from  nuclein  causing  uric  acid  elimination:  milk, 
cheese,  eggs,  white  bread,  butter,  rice,  lettuce,  cabbage  ^and 
potatoes.  Such  a  diet  they  call  a  "purin-free  diet."  They  con- 
sider that  the  uric  acid  eliminated  by  an  individual  on  a  purin- 
free  diet  is  derived  exclusively  from  endogenous  sources.  They 
have  also  attempted  to  analyze  accurately  articles  of  food  rich 
in  nucleins  that  produce  purin  elimination.  Such  foods  are 
thjrmus,  liver,  pancreas,  spleen,  kidney,  and  among  the  vegetables, 
peas  and  beans.  The  extractives  from  muscle  also  contain 
nuclein. 

It  has  been  contended  by  Burian  and  Schur  and  others  that 
the  endogenous  uric  acid  normally  eliminated  by  man  on  a  purin- 
free  diet  is  a  constant  quantity  for  each  individual,  but  that  this 
may  vary  in  different  individuals.  In  one  individual  the  value 
of  the  daily  endogenous  uric  acid  elimination  was  found  not  to 
vary  more  than  0.03  grams  in  determinations  made  at  different 
times  in  a  period  of  18  months.  In  different  individuals  it  varied 
from  0.2  grams  to  0.7  grams.  It  is  stated  that  this  constant  value 
represents  the  minimum  amount  of  uric  acid  excreted  by  the 
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individtial ;  that  the  constant  figure  indicates  normal  metabolism ; 
that  its  increase  points  to  increased  cell  destruction  going  on  in 
the  body.  The  statements  in  this  paragraph  apply  only  to  uric 
acid  metabolism  in  health. 

From  experiments  the  conclusion  has  been  drawn  that  it  is 
also  possible,  when  a  person  is  on  a  mixed  diet,  to  determine 
what  portion  of  the  uric  acid  elimination  is  endogenous  and  what 
portion  is  exogenous.  The  degree  to  which  the  foods  rich  in 
nuclein  and  preformed  purins  cause  uric  acid  elimination  is  said 
to  depend  not  on  the  individual,  but  on  the  amount  and  kind  of 
food  ingested.  For  example,  it  is  claimed  by  Burian  and  Schur 
that  about  50%  of  the  amount  of  uric  acid  or  other  oxypurins 
taken  into  the  body  with  the  food  under  normal  conditions  is 
constantly  eliminated  as  uric  acid,  and  that  while  the  remaining 
50%  may  imdergo  further  decomposition  in  thfe  course  of  metab- 
olism, being  changed  into  other  products,  this  certain  definite 
portion  is  eliminated  unchanged.  This  would  give  a  method  for 
determining  the  exogenous  portion  of  the  uric  acid  elimination, 
providing  the  nuclein  content  of  different  foods  could  be  accu- 
rately estimated.  If  the  metabolism  of  exogenous  and  endogenous 
uric  acid  were  carried  on  in  the  same  way  and  in  accordance 
with  this  law,  the  endogenous  uric  acid  eliminated  in  the  urine 
would  represent  50%  of  that  normally  formed  by  the  metabolic 
processes  of  the  body  independently  of  the  food.  Variations 
from  these  proportions  would  show  that  the  metabolism  was  not 
normal  and  the  degree  to  which  the  body  could  eliminate,  as  uric 
acid,  the  purin  bases  taken  with  the  food  would  indicate  the 
degree  to  which  it  could  oxidize  the  uric  acid  arising  in  itself. 

These  views  regarding  uric  acid  metabolism  in  health  are 
largely  the  result  of  the  experimental  studies  of  Burian  and 
Schur,  and  Siven  and  have  been  somewhat  widely  accepted. 
They  have  also  been  made  the  basis  of  some  few  studies  with 
regard  to  uric  acid  metabolism  in  disease,  and  especially  in  gout. 
The  studies  of  Vogt  and  others®  lead  them  to  the  conclusion  that 
in  gout  the  exogenous  purins  are  more  slowly  excreted  than  in 
health.  Kaufmann  and  Mohr*  have  published  studies  which  indi- 
cate that  the  values  of  both  endogenous  and  exogenous  uric 
acid  between  attacks  are  within  normal  limits.  It  is  generally 
admitted  that  in  the  acute  gouty  attack  there  is  constantly  a 
greater  excretion  of  uric  acid  than  in  the  free  intervals,  and  that 
probably  it  is  preceded  by  diminution.    When  attacks  follow  each 
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other  irregularly  the  picture  becomes  confused  There  has  been 
considerable  discussion  as  to  whether  the  curves  of  the  uric 
acid  and  of  the  phosphoric  acid  excretion  are  parallel  in  gout, 
but  the  matter  cannot  be  said  to  be  entirely  settled. 

The  present  investigation  was  undertaken  for  the  purpose  of 
obtaining,  if  possible,  further  information  on  these  points. 

The  case  here  reported  is  one  of  chronic  gout  in  which  a  few 
urinary  tests  were  made  while  the  patient  was  on  a  purin-frec 
diet.  The  first  series  of  analyses  cover  a  period  of  lo  days.  The 
24-hour  quantity,  the  specific  gravity,  and  the  daily  amount  of 
uric  acid  and  of  phosphates  were  determined. 

The  uric  acid  was  determined  by  the  Folin-Hopkins  method, 
and  the  phosphoric  acid  by  titration  with  uranium  nitrate.  The 
conditions  under  which  the  patient  lived  were  constant  as  regards 
exercise  (which  consisted  of  light  work  about  the  ward)  and 
sleep.    Movements  of  the  bowels  occurred  regularly.    The  urine 

was  collected  and  kept  in  a  large 
stoppered  bottle  in  the  bathroom 
of  the  ward  until  the  24-hour 
amount  was  obtained,  and  then 
placed  on  ice.  The  room  tem- 
perature varied  from  72^  F.  to 
85°  F. 

Case.—C.  F.,  male,  aged  52,  gard- 
ener and  storekeeper,  American,  was 
admitted  to  the  Albany  County  Hos- 
pital, October  23,  1902,  complaining 
of  swollen  joints  of  hands  and  feet 
His  father  was  bom  in  England, 
used  alcohol  freely;  mother  still  liv- 
ing, bom  in  this  country  of  English 
parents.  Her  people  used  liquors 
freely.  There  is  no  family  history  of 
gout  or  rheumatism. 

The  patient  has  used  alcohol  all 
his  life.  Ale  has  been  his  favorite 
beverage.  He  has  always  eaten 
freely,  especiallv  of  meats  and  sweets. 
He  has  never  been  compelled  to  do 
much  hard  work.  The  first  attack  of 
gout  affecting  the  great  toe  of  the 
right  foot,  occurred  about  12  years 
before  his  admission  to  the  hospital. 
Since  then  he    has    had    recurring 

78 


Digitized  by  VjOOQ IC 


To  Illustrate  Dr.  Laird's  Article  on  "  The  Elimination  of  Endogenous  Uric 
Add  in  a  Case  of  Chronic  Gout " 

Albany  Medical  Annals,  November ,  IQ05 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQIC 


jiimlar  attacks  in  various  joints.  The  joints  of  the  fingers  and  toes 
have  repeatedly  become  swollen  and  now  tophi  may  be  seen  in  the  fingers, 
toes,  heels,  in  both  ears,  and  on  the  nose.  Physical  examination  of  the 
chest  is  negative  as  r^ards  the  lungs;  the  heart  is  enlarged  and  aortic 
murmurs,  both  systolic  and  diastolic,  are  heard.  The  unne  contains  a 
trace  of  albumin,  and  a  few  hyaline  and  granular  casts,  but  no  sugar. 
Clinical  determinations  of  urea  by  the  Doremus  method  give  uniform 
low  values,  8  grams  to  26  grams  per  day.  Leukocyte  count  July  15,  before 
dinner,  6,000. 

The  tests  were  commenced  July  13,  1904.  At  first  the  diet  was  not 
modified,  and  consisted  of  oatmeal  and  milk  for  breakfast;  tea,  bread, 
and  vegetables  for  dinner,  and  bread  and  tea  for  supper.  As  the  patient 
ate  no  meat,  it  was  practically  a  purin-free  diet  July  19  he  was  put 
on  the  following  purin-free  diet:  breakfast  consisted  of  white  bread  and 
milk,  with  an  tgg;  dinner  was  the  same  as  breakfast;  supper  consisted  of 
bread  and  milk. 

Table  I. 


{Date. 


I 


'Of 

1! 


Juljr 


13-14. 
14-15. 
15-16. 
16-17. 
17-18. 
18-19. 
19—20. 
ao-2i. 

21-22. 
22-23. 
23-24. 


1520 
1505 

770 
1540 

620 
1265 

1335 
1260 

970 

550 

1335 


lOIO 
lOII 
lOIO 
lOIO 
lOIO 

1009 

lOIO 
lOIO 

lOIO 
lOII 
IOI2 


0.149 

0.II6 

0.075 

0.219 
0.087 
0.142 

0.173 

0.20S 
0.271 

0.138 
0.132 


0.912 
0.622 
0.269 
0.800 

0.372 
0.875 

1-33 

1.575 

1.57 
0.583 

1 .  140 


)  Patient  feeling  well;  tem- 
V  perature  normal;  about 
)     ward. 

VNo  marked  pains. 

Severe  pains  in  several  joints; 

temperature,  ioo.6<». 
Patient  in  bed. 
FeeHng  better  today. 
Feeling  well;  out  of  bed. 


The  patient  was  about  the  ward  and  able  to  help  in  light  work,  though 
suffering  some  slight  pain,  until  the  early  morning  of  July  21  (2  a.m.), 
when  he  began  to  have  severe  pains  in  the  fingers,  shoulders,  and  hips. 
His  temperature,  which  had  previously  been  normal,  rose  to  100.6**  at 
7  a.m.  He  remained  in  bed  during  the  day,  and  by  night  the  pains 
had  become  less  severe.  On  the  morning  of  July  22  the  house  physician 
prescribed  wine  of  colchicum,  of  which  the  patient  received  18  drops 
on  July  22,  and  also  the  same  amount  on  July  23  and  24.  On  July  24 
he  was  out  of  bed. 

Table  I  and  Chart  I  give  the  total  amount  of  urine  in  24  hours,  the 
specific  gravity,  uric  add,  and  phosphoric  a^d. 

The  second  series  of  analysis  covered  a  period  of  about  22  days.  On 
four  days  (August  25,  26,  27,  and  September  3)  no  tests  could  be  made. 
The  urine  was  collected  in  stoppered  bottles  and  put,  as  soon  as  passed, 
on  ice,  in  a  small  refrigerator  placed  in  the  ward  for  that  purpose, 
and  it  remained  on  ice  until  the  tests  were  made.    (The  fact  that  the 
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urine  was  placed  on  ice  at  once  without  waiting  until  after  the  24-heur 
amount  was  collected  makes  the  results  in  the  second  series  of  tests  some- 
what more  acdirate  than  those  in  the  first)  A  record  was  kept  of  the  tem- 
perature, pulse,  respiration,  and  number  of  stools.  Frequent  leukocyte 
counts  were  made.  The  24-hour  amount  of  the  urine,  the  specific  gravity, 
and  the  daily  excretion  of  uric  acid  and  phosphoric  add  were  estimated, 
the  same  methods  being  used  as  in  the  first  series.  A  number  of  determi- 
nations of  the  total  acidity  of  the  urine  was  also  made.  Both  the 
Freund  and  the  Folin  methods  were  used  in  parallel  tests.  The  room 
temperature  varied  from  70*  F.  to  83*  F. 


During  this  series  of  tests  the  patient  was  kept  on  the  following  diet: 
Breakfast,  an  egg,  soft  boiled,  with  bread  and  butter  and  glass  of  milk. 
Dinner,  same  as  breakfast  Supper,  a  bowl  of  bread  and  milk.  The 
only  modifications  were:  August  27,  he  ate  no  eggs;  August  31,  the  egg 
was  omitted  at  breakfast;  September  i,  breakfast  consisted  of  a  slice 
of  bread  and  butter;  September  2,  no  eggs  were  eaten.  Water  was 
allowed,  but  the  patient  drank  little  of  it  (except  on  August  28,  when 
he  drank  six  glasses)  ;  on  August  30  and  31  he  did  not  take  any  water. 

With  regard  to  exercise  and  bodily  exertion,  the  patient  walked  about 

80 


Digitized  by  VjOOQ IC 


Ike  ward  and  he^ed  in  light  work,  such  as  washing  dishes  and  mak- 
ing beds. 

He  was  quite  free  from  pain  mtil  Angost  19,  when  one  of  the  joints 
of  the  right  forefinger  became  painfully  swoHen,  and  August  jo,  the  skin 
ruptured,  and  a  discharge  of  whiti^  puriform  material  occurred.  He 
had  fittle  pain  from  that  time  until  August  29.  August  29,  6  a.  ul,  the 
left  heel  became  swollen  and  painful  August  30,  patient  in  bed.  The 
skin  over  the  heel  broke,  and  a  profuse  bloody  discharge  containing 


Table  U. 

Dm^. 

.a 

1 

fl 

•as 

Rtmarkt. 

t> 

CO 

t3 

a« 

Avrat  1 3-13. 

985 

IOI5 

0.316 

0.908 

„    13-14. 

1030 

lOlO 

0.154 

0.715 

"    14-15. 
"     15-16. 

1330 
890 

lOIO 
IOI3 

0.196 
0.138 

0.683 
0.649 

No  marked  paiiis. 

-     16-17. 

1 140 

IOI5 

0.188 

0.684 

-     17-18. 

1 180 

IOI4 

0.161 

0.483 

Joint  of  forefinger  swollen. 
Discharge  from  forefinger. 

-     1^19. 

1 190 

IOI3 

0.138 

0.505 

"     19-ao. 

1350 

IOI4 

0. 193 

I.036 

90-3I. 

1300 

IOI5 

0.1I3 

0.738 

"          31-33. 

1400 

IOI4 

0.079 

0.63 

33-33  • 

1330 

lOII 

0.076 

0.60 

:  «3-M. 

1430 

lOII 

0.063 

0.734 

Comparatively   free   from 

•  94-as. 

a$-a6. 
a6-a1 . 

iSSo 

pam. 

1750 

37-38. 

1300 

lOlI 

O.I36 

1.059 

38-39. 

1430 

lOIO 

0.331 

I.033 

Left  heel  swollen;  painful. 

"             29-30. 

1350 

lOII 

0.  193 

0.735 

Heel  discharging  freely. 

.30-31- 

S^tcmber  i-s 

1 1^0 

lOlI 

0.  350 

0.493 
0.63 

1380 

lOII 

0.196 

Pain  less  marked. 

a-3 
3-4 

930 

lOIO 

lOII 

0.  302 

0.781 

IOI3 

0.  Ill 

0.484 

No  pains. 

Patient  out  of  bed. 

4-5 

980 

IOI3 

0.147 

5-6 

0.  15a 

6-7 
7-8 

II  ^0 

o.oa6 

1260 

1525 

0.160 

-         8-9 

white  particles  occurred,  which  gave  marked  relief.  At  this  time  there 
was  pain  on  swallowing,  pain  and  soreness  in  the  nedc  and  about  the 
davides,  with  more  or  less  pain  throughout  the  entire  left  side.  Hot 
lead  water  and  lasdaaam  were  applied  the  painful  areas.  At  5  p.  m. 
the  temperature  was  looji^.  August  31,  the  pain  and  stiffness  were  much 
less  mariced.  September  i,  some  headache  and  stiffness  about  the  back 
of  the  neck.  September  2,  pains  all  over  the  body.  September  3,  pains 
had  disappeared,  and  patient  felt  better.  September  4,  patient  out  of  bed. 
No  me<fiqne  was  giren  during  this  series  of  tests. 

Table  II  and  Quut  II  give  the  amount  ci  urine  in  24  hours,  the 
specific  gravity,  and  daily  excretion  of  uric  acid  and  phosphoric  acid. 

81 
6 


Digitized  by  VjOOQ IC 


Table  III— .the  temperature,  pulse,  respiration,  stools,  and  leukocyte  counts. 
Table  IV— the  determinations  of  the  total  acidity  of  the  urine. 

Daily  microscopic  examinations  of  the  urine  showed  constantly  a  trace 
of  albumin,  and  a  few  hyaline  and  granular  casts.  Clinical  urea  determi- 
nations by  the  Doremus  method  gave  low  values — 17  grams  to  20  grams 
per  day. 

It  will  be  noted  from  a  study  of  the  tables  and  charts  that  the 
''endogenous"  uric  acid  elimination  was,  for  the  most  part,  below 
that  of  a  normal  individual.     According  to  the  investigations 

Tablb  IIL 


Date 


Hour.^ 


I 


Leukocytet. 


Hoar. 

Number 
per  cm. 

II. 15  a.m. 
4.30  p.m. 
3.30  p.m. 
9.30  a.m. 

9,000 
7,000 
7,000 
6,000 

5.30  p.m. 

6,400 

3  p.m. 
6.15  p.m. 
3.1S  p.m. 

S,aoo 
5,300 
6,440 

a.30  p.m. 
8.30  a.m. 
II  a.  m. 

6,060 

.r     6,000 
6,000 

Sp.m. 

7,000 

II  a.m. 

7,000 

August  ia-13. 

10.30  a.m. 

13-14. 

9.20  a.m. 

•       14-15. 

II. 15  a.m. 

"       15-16. 

10.15  a.m. 

"       16-17. 

3.30  p.m. 

"       17-18. 

9.30  a.m. 

"       18-19. 

2.30  p.m. 

"       19-20. 

5.30  p.m. 

"       9o-ai. 

2.30  p.m. 

"       ai-22. 

3p.m. 

"       22-23. 

6.15  p.m. 

93-24. 

3.15  p.m. 

94-25. 

4  p.m. 

"       25-26. 

9  p.m. 

•       26-27. 

2.30  p.m. 

"       27-28. 

8.30  a.m. 

"       28-29. 

II  a.m. 

•       a9-3o- 

9.30  a.m. 

•       30-31. 

5  p.m. 

31-1.- 

9.30  a.m. 

September  1-2 

II  a.m. 

I         3-4 

9  a.m. 

4-5 

98 

97 
97. a 
97.6 
97.6 
97.6 
97.8 
98.8 
98 
98.8 
98.4 
98.4 
98 
99.6 
98 
98 
98.8 
98 
100 
98 

97 
98 

99 


72 
80 
80 
72 
72 
72 
80 
68 
72 
64 
68 
68 
72 
72 
64 
84 
84 
72 
72 
72 
72 
72 
80 


24 

25 
16 

24 
20 
20 
18 
30 

20 
24 
20 
20 
18 
18 
20 
20 
20 
20 
20 
20 
16 

is 


quoted,  the  extremes  in  daily  excretion  in  different  normal  indi- 
viduals were  0.2  grams  and  0.7  grams.  In  this  case  the  daily  ex- 
cretion was  always  below  0.2  grams,  except  at  the  time  of 
acute  exacerbations,  when  the  highest  point  reached  was  0.27 
grams.  The  lowest  point  reached  was  0.046  grams.  Between 
tiiese  two  extremes  were  marked  fluctuations.  The  values  in  the 
intervals  between  acute  exacerbations  were  not  invariably  low, 
but  on  several  occasions  approached  the  highest  values  reached 
during  an  attack.  Kaufmann  and  Mohr*  found  the  endogenous 
uric  acid  excretion  in  five  cases  of  chronic  gout  to  be  within 
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nonnal  limits,  varying  between  0.357  grams  and  0.660  grams 
per  day  in  different  cases.  One  of  Futcher*s**  patients,  during 
three  periods  of  twenty-four  hours  each,  had  practically  no  uric 
acid  excretion. 

In  a  general  way  in  the  first  series,  the  phosphoric  acid  curve 
follows  the  uric  acid  curve,  as  closely,  certainly,  as  in  Cases  II 
and  III,  reported  by  Futcher.**  It  will  be  noted,  however,  that 
in  the  second  series  of  tests,  between  August  27  and  31,  the  phos- 
I^oric  add  curve  fell,  while  the  uric  acid  curve  was  rising  to 

Table  IV. — Acrorrv. 


D«te. 


1^ 
-I 


Preund  method. 


I: 


^» 


u 

6^ 


PoUn  method. 


August  17-18. 

18-19. 

19—20. 

20-21. 

21—22. 

22-23. 

23-24. 

24-25. 

25-26. 

26-27. 

27-28. 

28-29. 

29-30- 

30-31- 

31-1-- 
September  1-2 
2-3 


1-35 

Z.2 
2.1 
1.2 

1.55 
1.2 

I. 15 


3-69 
3-27 
S.7I 

3-»7 
4.23 
3-27 
3-17 


43-54 
38.91 
77-08 

42.51 
59.22 
43.16 
45.01 


2.8 

2.9 

3-95 

5.87 

5.95 

5.1 

5.15 


II. 2 

II. 6 

15.8 

23  58 

23.8 

20.4 

20.6 


132.16 
138.04 
213.30 

307.54 
333.20 
269.28 
288.85 


2.65 

2.5 

2 

1.2 

I 

1.47 


7.24 
6.83 
5.46 
3-27 

2.73 
4.01 


94.12 
96.98 
73.71 
37.60 

34.94 
51.32 


7.67 

6.6 

S.15 

4.85 

5.3 

7-7 


30.68 

26.4 

20.6 

19.4 

20.52 

28.8 


398.84 
374-88 
278.10 
223.10 
262.71 
257.84 


its  highest  point.  This  recalls  Futcher's  statement  in  regard 
to  his  Case  III:  "There  was,  however,  an  unexplainable  drop 
in  the  phosphoric  acid  curve  between  April  8  and  17,  when  it 
failed  to  correspond  at  all  with  the  uric  acid  curve.*'  In  the 
paper  referred  to  there  is  no  statement  indicating  that  the  patient 
was  kept  on  a  purin-free  diet.  It  will  be  noted  that  the  daily 
excretion  of  phosphoric  acid  in  this  case  is  considerably  below 
the  normal  given  by  Futcher  (2.5  grams) ;  the  highest  point 
reached  in  our  determinations  being  1.57. 

The  leukocyte  counts  made  at  irregular  intervals  in  connection 
ivith  the  second  series  of  tests  do  not  suggest  any  definite  rela- 
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tiooship  between  the  number  of  leukocytes  and  either  the  phot* 
fdioric  add  or  uric  acid  excretion.  No  constant  digestive  leuko- 
cytosis was  noted,  and  the  count  was  always  distinctly  within 
normal  limits. 

The  total  acidity  was  determined  both  by  the  Freund^^  method 
(which  is  based  upon  the  assumption  that  the  acid  reaction  of 
the  urine  is  referaUe  exclusively  to  the  diacid  phosphates)  and 
by  the  Folin^  method.  Fdin  believes  that  the  Freund  and  all 
similar  methods  are  open  to  the  fatal  objection  that  a  considerable 
part  of  the  acidity  of  the  urine  is  due  to  organic  acids.  He 
titrates  the  urine  with  decinormal  sodium  hydrate  solution  after 
first  guarding  against  the  disturbing  eflfect  of  calcium  and 
ammonium  salts  by  the  addition  of  about  20  grams  of  powdered 
potassium  oxalate  to  the  25  cubic  centimeters  of  urine  titrated. 

In  this  series  of  tests  the  Folin  method  gave  uniformly  higher 
values  than  the  Freund  method.  Even  the  determinations  by  the 
Folin  method  were  below  the  normal  values  given  by  Folin^*  as 
varying,  in  thirty  normal  urines,  between  554  cubic  centimeters 
and  669  cubic  centimeters  of  decinormal  sodium  hydrate 
solution  per  twenty-four  hours,  and  below  values  he  obtained 
for  individuals  on  a  similar  purin-free  diet.  The  highest  value 
obtained  in  this  series  was  398  and  was  found  on  August  28.  It 
was  nearly  as  high  on  August  29.  These  were  the  days  when  the 
patient  was  suffering  more  pain  than  usual.  No  constant  relation- 
ship appears  to  exist  between  the  total  acidity  and  the  excretion 
of  uric  acid  in  this  case. 

Definite  conclusions  regarding  uric  acid  formation  cannot  be 
drawn  from  such  experiments  as  are  here  reported.  "WTiile  it 
has  been  considered  justifiable  to  make  important  deductions 
regarding  uric  acid  formation  in  health  from  a  study  of  lu^ic 
acid  excretion,  the  presence  of  disease  conditions  introduces 
disturbing  factors.  The  recent  work  of  Lowi,"  Folin^*  and 
others,  indicates  that  even  the  widely  accepted  theories  of 
Burian  and  Schur  regarding  uric  acid  metabolism  in  health  may 
not  be  well  founded.  Lowi  claims  that  it  is  impossible  by 
our  present  methods  to  determine  accurately  the  amount  of  exog- 
enous or  endogenous  purin  eliminated.  Folin*^  has  fotmd  the 
endogenous  uric  acid  elimination  in  health  not  to  be  constant 
on  certain  purin-free  diets.  He  questions  whether  all  the 
endogenous  uric  acid  eliminated  in  health  is  derived  from  the 
nuclein  of  body  cells.    The  possibility  of  the  synthetic  formation 
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of  endogenous  uric  acid  in  man,  eren  in  heahh,  is  asserted  by 
sereral  imrestigators.^*  If  it  were  true,  as  has  been  daimed 
by  Burian  and  Schur,  that  in  health  the  uric  acid  eliminated  In 
the  urine  represented  half  of  that  formed  in  the  body,  and 
this  proportion  remained  constant  in  disease,  quantitative  uric 
acid  determinations  would  certainly  be  of  great  yalue.  Other 
factors  in  metabolism,  such  as  digestion,  sleep  and  ^cercise^ 
would,  however,  still  have  to  be  considered.  Digestion  affects 
uric  acid  elimination  decidedly,  if  constipation  or  diarrhea  oc- 
cur. According  to  Schittlhehn,"  the  purin  bodies  found  in  lecet 
are  in  part  derived  from  unabsorbed  parts  of  the  food,  in  part 
from  bacteria,  and  in  part  from  the  secretion  of  intestinal  glands. 
In  diarrhea,  a  rapid  passage  of  food  purins  through  the  intes^ 
tine  would  increase  the  fecal  output,  and  less  purin  would  be 
absorbed  to  be  excreted  in  the  urine.  In  this  case  there  waa  n^ 
diarrhea,  tfie  bowels  moving  regularly,  as  noted  in  Table  IIL 
Siven,^  Pfeil  and  Rockwood  have  found  the  elimination  of 
tu-ic  acid  to  be  greater  by  day  than  by  night;  Rodn¥dl  sug- 
gests tfiat  the  differ^ice  is  due  to  a  lessened  rate  of  cdlular 
metabolism  during  rest  in  bed.  Sherman^*  has  failed  to 
find  any  increase  in  uric  acid  elimination  resulting  from  vigorous 
exercise.  Rockwood"  found  an  increase  in  endogenous  uric 
acid  dknination  after  exhaustive  labor,  but  not  after  moderate 
exercise.  It  has  been  maintained*®  that  if  the  subject  is  in 
poor  physical  training,  exercise  causes  an  increase  in  uric  acid 
elimination.  It  is  probable  that  there  was  chronic  nephritis  in 
this  case;  this  introduces  another  disturbing  factor. 

Whether  there  is  really  a  constant  relationship  between  the 
endogenous  uric  acid  elimination  and  the  '"endogenous*^  pho»- 
phiMTic  acid  elimination  in  this  case,  cannot  be  inferred,  shice 
the  diet,  while  purin-free,  was  not  free  from  elements  contain- 
ing exogenous  phosphoric  add.  Phosphorous  may  be  taken 
into  the  food  in  other  forms  than  that  contained  in  the  nucleins, 
and  according  to  Gialmers  Watson  ^  and  others,  tiiis  prevents 
any  possible  paralldism  in  the  curves.  Kauffmann  and  Mohr  •• 
state  tfiait  phosphoric  add  excretion  varies  with  the  varying 
nee^  of  the  body  for  phosphoric  acid. 

Horbaczewski's  theory  that  endogenous  uric  add  was  derived 
excktsivdy  from  the  breaking  down  of  letricocytes  is  no  longer 
accepted.  The  work  of  Magnus-Lery,**  Richter,**  and  others, 
hat  demonstrated  the  fallades  of  his  arguments  and  there  does 
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not  now  seem  to  be  any  reason  why  the  leukoc^e  curves  should 
parallel  the  uric  acid  curve.  There  is  no  constant  parallelism* 
between  the  two  in  this  case. 

SUMMARY. 

The  uric  acid  elimination  in  a  case  of  chronic  gout  kept  ore 
a  "  purin-free  "  diet  was  below  so-called  normal  limits.  In 
the  intervals  between  the  exacerbations  there  was  marked 
variation  in  the  amount  of  uric  acid  eliminated.  Low  values^ 
were  reached  preceding  acute  s)rmptoms,  and  at  times  during 
the  intervals  the  excretion  was  very  low,  at  other  times,  how- 
ever, the  highest  values  reached  during  an  attack  were  ap-^ 
proached. 

The  phosphoric  acid  elimination  was  below  normal.  In  the 
$rst  series  of  tests  the  phosphoric  acid  curve  followed  the  uric 
acid  curve  quite  closely;  in  the  second  series,  not  at  all. 

The  leukocyte  counts  were  normal.  They  did  not  vary  with 
the  uric  acid  excretion.    No  digestive  leukocytosis  was  noted. 

The  acidity  was  at  all  times  below  the  average  normal  acidity. 
The  highest  values  were  obtained  during  one  of  the  acute 
exacerbations. 

Present  views  regarding  uric  acid  elimination  may  be  summed 
up  in  a  few  words:  The  principal  source:  of  the  uric  acid 
eliminated  by  man  under  normal  conditions  is  the  nucleins. 
We  find  an  increased  elimination  of  uric  acid  following  the 
ingestion  of  substances  contained  nucleins.  This  source  of 
uric  acid  can  be  controlled.  The  endogenous  uric  acid  is  prob- 
ably derived  from  more  than  one  source.  A  large  portion  comes 
from  the  decomposition  of  the  nuclein  of  body  cells,  but  a  part 
is  probably  formed  by  direct  synthesis.  When  certain  purin- 
free  diets  have  been  used,  the  endogenous  uric  acid  has  in  cer- 
tain individuals  shown  a  somewhat  constant  value  in  healthy 
when  other  factors  in  metabolism  were  constant.  When  other 
forms  of  purin-free  diet  were  employed  the  amount  of  endo- 
genous uric  acid  was  not  constant,  even  in  health.  In  disease 
the  elimination  of  uric  acid  has  shown  marked  fluctuations. 
How  large  a  portion  of  the  endogenous  uric  acid  elimination 
under  pathologic  conditions  is  formed  by  s)mthesis  is  not  known. 
The  nucleins  are  one  source  of  the  phosphoric  acid  excretion 
in  the  urine,  but  not  the  only  source,  and  there  is  no  constant 
relationship  between  uric  acid  and  phosphoric  acid  excretion. 
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Though  the  letikocytes  are  a  source  of  endogenous  uric  acid 
they  are  by  no  means  the  only  source,  and  their  number  has 
no  constant  relationship  to  the  excretion  of  uric  acid.  The  work 
of  the  past  few  years  has  shown  the  fallacies  in  certain  gener- 
ally accepted  theories  regarding  the  source  of  uric  acid  and 
established  definitely  a  very  few  facts  in  regard  to  uric  acid 
metabolism.  The  part  which  uric  acid  plays  in  gout  is  still 
unsettled. 
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MALIGNANT  OVARIAN  TUMORS  IN  CHILDREN ;  WITH 
REPORT  OF  A  CASE. 

By  J.  LEWI  DONHAUSER. 
(ProoD  the  Bender  Laboratory.  Albany.  N.  Y.) 

The  following  case  of  a  malignant  ovarian  cyst  in  a  girl  thirteen 
years  old,  emphasizes  some  of  the  clinical  features  of  this  unusual 
condition  and  on  this  account  seems  worthy  of  reporting  in  full. 

History  of  the  Case. 

Miss  C.  P.,  a  schoolgirl,  aged  13,  was  admitted  to  the  service  of 
Dr.  Willis  G.  Macdonald,  at  the  Albany  City  Hospital,  October  20,  i9Q4f 
complaining  of  severe  abdominal  pain. 

Family  History. — Father,  mother  and  two  sisters  living  and  well;  two 
great  aunts  and  one  aunt  and  one  uncle  on  father's  side  said  to  have 
had  cancer. 

Past  History. — ^Very  healthy  child;  no  sickness  before  present  illness; 
menstruated  for  the  first  time  on  September  3,  1904;  flowed  five  dajra 
and  menstruation  was  apparently  normal.  Leucorrhoea  present  during 
last  few  months. 

Present  Illness. — On  the  afternoon  of  September  nth,  menatnaatioa 
having  ceased,she  was  taken  with  severe  colicky  pains  in  abdomen,  which 
radiated  into  the  shoulder.  These  pains  soon  disappeared  and  the  be- 
came quiet  until  about  10  p.  m.,  when  she  was  again  leiied  with  in 
attack  of  a  similar  character.  At  the  end  of  24  hours  she  felt  well,  and 
remained  so  for  three  weeks,  when  she  had  a  Uiird  attadc  similar  to  the 
previous  ones.  Since  the  onset  of  this  last  illness  (on  the  nth  of 
October)  she  has  been  incapacitated,  owing  to  the  frequent  and  severe 
attacks  of  pain.  For  the  past  few  days  she  has  had  fever  (loa^  and 
over)   and  has  been  vomiting. 

Clinical  Diagnosis. — Ovarian  cyst   (ruptured)  with  twisted  pedide. 

Operation.^A  median  incision  exposed  the  peritoneum  through  which 
could  be  seen  haemorrhagic  material  in  the  abdominal  cavity.  On  opMiing 
the  latter,  it  was  seen  to  be  filled  with  free  and  clotted  blood.  Further 
examination  revealed  an  ovarian  cyst  which  had  ruptured.  The  blood 
was  wiped  out  of  the  peritoneal  cavity  and  after  ligating  the  pedicle  of  the 
cyst ,  it  was  removed.  A  glass  tube  was  inserted  and  the  abdominal  indston 
closed  with  silkworm  gut.  The  patient  was  discharged  November  12, 
1904. 

She  was  admitted  to  the  service  of  Dr.  Macdonald  again  on  November 
29,  1904,  and  gave  the  following  history.  About  five  days  after  the 
patient  left  the  hospital  she  complained  of  soreness  and  pain  in  the 
right  side  which  was  soon  followed  by  an  attack  of  sharp  pain  lasting 
from  one  afternoon  until  the  next  morning.  She  has  had  numerous 
other  attacks  since,  the  pain  extending  chiefly  down  the  right  leg.  Her 
appetite  has  been  poor  and  vomiting  has  been  more  or  less  constant 
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Her  bowels  have  moved  three  or  four  times  daily;  stools  have  been 
pencil  shaped;  no  bloody  stools  noted.  She^  has  lost  weight  and  is 
very  anaemic.  For  the  last  three  days  the  patient  has  been  kept  in 
bed,  on  a  strict  liquid  diet.  Temperature  for  the  last  two  or  three 
days  has  been  at  least  as  high  as  100.7°.  A  swelling  on  the  right  side 
of  the  abdomen  was  noticed  before  coming  to  the  hospital. 

An  exploratory  operation  was  performed  on  the  29th  of  November. 
An  incision  was  made  over  the  tumor,  which  was  situated  on  the  right 
side  just  below  the  liver.  On  opening  the  abdominal  cavity  a  bloody 
fluid,  in  which  were  found  pieces  of  grayish  tissue,  escaped.  The  cavity 
was  thoroughly  irrigated  and  a  drainage  tube,  flanked  with  strips  of 
iodoform  gauze,  was  inserted.  The  patient  lived  for  nearly  a  month 
after  the  operation,  but  finally  became  delirious  and  restless,  refused 
food,  and  died  on  December  20,  1904.  An  autopsy  was  made  by  Dr.  E. 
MacD.  Stanton,  from  whose  notes  the  following  descriptions  have  been 
taken. 

Anatomical  Diagnosis. — General  sarcomatosis  of  abdominal  cavity. 
Extreme  secondary  anaemia.  Thrombus  in  right  heart.  Operation  scars 
on  abdomen. 

Abdominal  Cavity. — ^The  entire  left  side  of  the  abdomen  and  pelvis  is 
filled  by  a  tumor  mass  which  reaches  to  the  anterior  abdominal  wall 
and  is  for  the  most  part  covered  by  a  portion  of  the  omentum.  The  left 
border  of  this  mass  extends  from  a  point  5  cm.  to  the  left  of  the 
symphysis  pubis  upward  to  the  under  border  of  the  liver  at  a 
point  5  cm.  to  right  of  tfie  median  line.  The  coils  of  intestine  adja- 
cent to  the  tumor  mass  are  loosely  adherent  to  one  another  by  easily 
torn  adhesions  which  are  apparently,  for  the  most  part,  composed  of 
the  tumor  itself.  The  remainder  of  the  abdominal  cavity  contains  a 
few  cubic  centimetres  of  bloody  fluid.  The  peritoneal  surfaces  show 
a  slight  loss  of  lustre,  with  here  and  there,  small  ttunors  adherent  to 
the  peritoneiun.  These  smaller  masses  vary  from  a  few  millimetres 
to  4  or  5  centimetres  in  diameter.  Their  surfaces  are  smooth  with 
a  thin  peritonetun-like  covering.  Two  of  these  masses  situated  on  th& 
under  surface  of  the  diaphragm  have  caused  corresponding  depressions 
in  the  right  lobe  of  the  liver.  The  head  of  the  caecum  and  appendix 
together  with  the  pelvic  orgaas  are  imbedded  in  the  new  growth.  The 
ascending  colon  and  small  intestines  have  been  pushed  over  the  left 
border  of  the  tumor. 

The  general  structure  of  the  large  and  smaller  tumors  is  similar. 
The  free  surface  of  the  larger  tumor  is  somewhat  lobulated  and  of  a 
mottled  grayish  and  dark  red  color.  The  cut  surface  of  the  firmer 
portions  of  the  tumor  is  also  mottled  grayish  yellow  and  dark  red,  the 
red  areas  representing  areas  of  hemorrhage  into  a  soft  succulent^ 
grajrish-yellow  tissue  which  in  many  places  is  necrotic.  The  entire 
center  of  the  larger  mass  is  occupied  by  an  ill-defined  area  of 
*^softening  which  is  filled  with  partially  clotted  blood  and  fragments  of 
necrotic  tumor  tissue.  The  tumors  do  not  infiltrate  the  tissue  beneath 
the  peritoneum,  it  being  possible  in  the  case  of  the  larger  tumor  to  strip 
the  parietal  peritoneum  from  the  abdominal  wall. 

90 


Digitized  by  VjOOQ IC 


Pehic  Organs. — ^All  pelvic  structures  are  imbedded  in  the  soft  tumor 
mass  described  above.  The  left  tube  and  ovary,  the  body  of  the 
uterus,  the  rectum  and  the  bladder  are  negative  except  for  the  presence 
of  tumor  metastases  or  implantations  on  their  peritoneal  surfaces.  The 
right  ovary  is  missing,  together  with  all  but  the  proximal  3.5  cm. 
of  the  right  tube.  On  the  stump  of  the  right  tube  are  seen  several 
silk  ligatures  which  show  almost  no  evidence  of  encapsulation. 

Liver. — Weight,  1560  grammes.  The  upper  surface  of  the  right  lobe 
shows  several  depressions,  the  two  larger  of  which  measure  respectively 
2  and  5  cm.  in  diameter.  These  depressions  are  caused  by  two 
tumor  masses  which  are  adherent  to  the  under  surface  of  diaphragm. 
The  under  surface  of  the  right  lobe  of  the  liver  is  in  contact  with  a 
shaggy  grayish-yellow  blood  stained  mass  representing  the  upper  and 
of  the  large  tumor  mass  described  above.  Adherent  to  the  under  sur- 
face of  the  left  lobe  of  the  liver  is  another  tumor  mass  2.5  cm.  in 
diameter.  On  section  the  liver  presents  a  pale  brownish  yellow  surface 
with  indistinct  markings. 

Gastro'intestinal  Tract. — ^Appendix  measures  15  cm.  in  length  and 
b  imbedded  in  the  tumor  mass.  The  remainder  of  the  gastro-intestinal 
tract  is  negative,  except  for  the  presence  of  small  new  growths  scattered 
here  and  there  over  its  peritoneal  surface. 

Pleural  cavities,  pericardial  cavity,  heart,  spleen,  kidneys,  adrenals, 
pancreas,  vagina  and  external  genitals  and  cavity  of  the  uterus  are  all 
negative. 

Gross  and  Microscopic  Appearances. — ^The  specimen  removed  at  the 
first  operation  was  described  by  Dr.  Stanton  as  being  a  large,  mutilated, 
haemorrhagic  and  necrotic  ruptured  unilocular  ovarian  cyut.  Its  sur- 
face was  fairly  smooth  though  in  a  few  areas  could  be  felt  fine  hard 
granules,  and  its  lining  membrane  was  covered  with  intimately  adherent 
blood  clots. 

On  microscopic  examination  isolated  groups  of  cells  suggesting  can- 
cer were  found,  but  these  were  stained  so  poorly,  owing  to  the  necrosis 
of  the  cyst  wall,  that  a  positive  diagnosis  as  to  their  character  could 
not  be  made. 

The  tissue  removed  at  the  second  operation,  on  November  27th,  and 
examined  by  Dr.  Stanton,  consisted  of  a  few  fragments  of  blood  stained 
material.  The  anatomical  diagnosis  was  then  made  of  "  multiple  malig- 
nant growths  due  to  implantation  from  a  ruptured  ovarian  cyst"  Micro- 
scopic examination  of  these  tissues  showed  a  highly  cellular  stroma  com- 
posed of  munerous  spindle  and  round  cells  of  both  the  large  and  small 
type.  These  large  spindle  and  round  cells  constituted  the  predominating 
cells  of  the  stroma.  Distributed  here  and  there  in  this  tissue  were 
numerous  masses  of  epithelial  cells  arranged  .  in  "  irregular  gland-like 
tubules."  This  cellular  arrangement  led  to  the  microscopic  diagnosis 
of  "so-called  adeno-sarcoma." 

Sections  of  the  tumor  growth  removed  at  autopsy  show  a  highly  vascu- 
lar tissue,  many  of  the  blood  vessels  of  which  are  definitely  formed 
and  distinctly  show  the  three  vascular  coats.  Here  and  there  arc 
large  areas  of  necrosis  and  haemorrhage  about  which  are  strands   of 

91 


Digitized  by  VjOOQ IC 


»  w«ll  formed  granalation  tissue.  The  hiatologic  picture  is  somewkat 
intricate,  inasmuch  as  in  different  sections  the  character  and  arrange- 
aiciit  of  die  cells  var]!;  In  all,  however,  a  verf  aotioeable  element  ts  Hm 
rambling  stroma,  in  the  meshes  of  which  are  various  types  of  ceUs,  soma 
resembling  the  spindle  and  round  cells  of  sarcoma,  others  distinetif 
epithelioid,  and  still  others  widi  syncytial  arrangement  and  again  cetti 
of  definite  epithelial  or  endothelial  type.  The  latter  are  often  arranged 
m  gland-like  tubules. 

Examination  of  the  smaller  peritoneal  nodules  reveals  practically  the 
same  picture  as  that  found  in  the  main  tumor  mass,  namely,  a  stTMna 
of  H>indle  and  round  celb  with  masses  of  epithelium  arranged  In  gfamd- 
Hke  fashion.  One  section,  however,  taken  from  a  nodule  attad^  to 
tha  peritoneum  by  a  alight  and  alendar  pedida,  presents  an  intemtbif 
picture  of  a  well  formed  cyst.  The  wall  of  this  cyst  is  oon^osed  ol 
masses  of  spindle  cells  arranged  as  in  sarcoma  while  the  cavity  is  lined 
by  columnar  epithelium.  This  section  resembles  closely  die  new  growdi 
known  as  cystic  adeno-sarcoma. 

From  the  histological  picttire  of  the  main  ttunor  growdi  as  well 
as  that  of  the  smaller  nodules,  it  is  evident  that  a  mtcroseopical 
diagnosis  is  very  difficult.  Owing  to  the  peculiar  arrangement  of 
the  epithelium  scattered  throughout  the  growth,  one  is  tempted 
to  consider  the  tumor  as  an  adeno-carcinoma.  On  the  other  hand« 
however,  the  appearance  of  the  stroma,  which  seems  to  be  an  inter- 
mediary type  between  newly  formed  connective  tissue  and  true 
ovarian  stroma  containing  as  it  does  a  vast  number  of  spindle  and 
round  cells  almost  entirely  devoid  of  intercellular  substance,  sug- 
gests a  sarcomatous  growth.  Indeed,  many  malignant  growths  ol 
the  ovary  present  such  peculiarities  in  their  structure  that  various 
terms  have  been  applied  to  them  in  attempts  to  combine  the  sarco- 
matous, the  carcinomatous  and  the  cystic  characteristics  in  a  single 
name  applicable  to  all.  Thus  we  have  the  terms  adeno-carcincma, 
adeno-sarcoma,  cystic  adeno-sarcoma,  cystic  endothelioma,  sarco^ 
endothelioma  and  Leopold's  endothelioma  lymphaticum  and  endo- 
thelioma vascularis.  Poupinal  speaks  of  secondary  ttunors  as  being 
of  the  sarco-carcinomatous  type,  although  he  does  not  state  that 
the  primary  growth  also  may  be  a  mixed  tumor.  Elchardt  and 
Pomorski  have  used  simply  the  term  "  endothelioma  of  the  ovary," 

When  such  a  number  of  terms  are  applied  to  these  mixed  tumors, 
how  are  we  to  histologically  differentiate  between  them,  and  are  we 
always  justified  in  allowing  a  diagnosis  to  rest  on  a  few  sections? 
Kelly  points  out  that  "  a  thorough  sifting  of  material  from  ovarian 
tumors,  in  the  pathological  laboratory,  has  served  to  demonstrate 
the  necessity  of  a  careful  microsocq)ical  examinatkxi  in  twtry 
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case; ''  ftsd  so  an  attempt  has  been  made  to  examine  moat  care- 
fully the  tumor  which  is  here  reported.  The  result,  however,  has 
been  tmsatisf  actory  and  no  definite  conclusion  has  been  reached. 
Adena-carctnoma  or  "  adeno-sarcoma "  seems  to  be  the  most 
plausible  term  to  apply  in  this  instance,  but  each  has  objections. 
We  must  be  satisfied  therefore  in  describing  it,  as  a  malignant 
ovarian  tumor,  the  stroma  of  which  resembles  ovarian  stroma  and 
in  places  suggests  a  sarcomatous  structure,  while  scattered 
throughout  it  are  masses  of  cells  having  the  arrangement  of  an 
adetio-carcinoma. 
The  hi^ory  of  this  case  brings  out  sharply  the  following  points : 

1  Ovarian  cysts  may  occur  in  children  and  may  be  malignant 

2  The  pedicle  may  become  twisted  and  as  a  result  give  rise 
to  severe  abdominal  pain,  thus  leading  to  a  diagnosis  of  the  cyst. 

3  The  rupture  of  the  cyst  and  the  distribution  of  its  contents 
throughout  the  peritoneal  cavity  may  lead  to  a  general  implan- 
tation of  the  growth  and  soon  cause  death. 

4  The  histological  diagnosis  of  these  cases  is  frequently 
^fficult. 

Little  is  said  in  either  the  text-books  or  the  general  literature 
concerning  malignant  ovarian  growths  in  children.  My  interest 
'm  the  case  here  reported  has  prompted  me  to  examine  the  his- 
tories of  the  various  cases  heretofore  reported  in  regard  to  the 
following  points. 

1  What  are  the  principal  malignant  ovarian  tumors  in  children? 

2  What  is  the  relative  frequency  of  these  tumors? 

3  Do  malignant  ovarian  tumors  present  any  clinical  manifes- 
tations diflferent  from  those  presented  by  the  benign  growths? 

4  How  frequently  do  accidental  conditions  such  as  twisting  of 
the  pedicle  or  rupture  of  the  cyst  give  the  first  warning  of  the 
fH'esence  of  an  ovarian  growth? 

5  Are  seemingly  benign  growths  of  the  ovary  to  be  looked 
upcm  as  harmless,  as  are  benign  growths  of  other  organs. 

Unfortunately,  I  have  not  been  able  to  obtain  much  information, 
for  the  references  are  few,  and,  in  the  majority  of  the  cases, 
meagre  in  clinical  data. 

The  cases  of  ovarian  tumors  which  have  been  reported  as 
occurring  in  children,  embrace  a  number  of  types  of  new 
growths,  which  may  oHiveniently  be  divided  into  the  benign 
cysts,  sarcoma  and  carcinoma ;  and  in  addition  to  these,  a  fourth 
type,  the  mixed  tumor,  which,  owing  to  the  difficulties  attending 
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the  determination  of  its  structure  and  histogenesis,  affords  scope 
for  arg^ument  as  to  its  classification. 

The  benign  cysts  may  be  divided  into  the  dermoid,  and  the 
simple  uni-  and  multilocular  cysts.  The  sarcomata  are 
usually  of  the  round  or  spindle  cell  types ;  while  the  adeno-carci- 
noma  seems  to  be  the  most  prevalent  type  of  the  epithelial  tumors. 
The  mixed  tumors  have  been  discussed  in  the  first  part  of  this 
report. 

It  is  impossible  to  arrive  at  conclusions  regarding  the  benig- 
nancy  or  malignancy  of  new  growths  of  the  ovary  reported  in 
the  literature  as  "  cysts."  The  fact  that  they  are  thus  reported 
does  not  in  the  least  confirm  the  idea  that  all  are  benign.  Our 
own  case  shows  the  possibilities  of  malignancy  in  an  apparently 
simple  cyst. 

Upon  careful  review  I  have  been  able  to  collect  seventy-two 
cases  of  malignant  tumors  occurring  in  girls  between  the  ages  of 
twenty-two  months  and  fifteen  years.  The  relative  frequency  of 
the  malignant  tumors  as  compared  with  the  benign  growths  of 
the  ovary  in  children  is  comparatively  small.  Whether  this  is 
due  to  the  fact  that  histological  study  has  been  neglected  in  a 
number  of  cases,  or  whether  perl\aps,  the  very  small  areas  of  the 
cyst  wall  which  contain  the  malignant  cells  have  escaped  the 
examiner's  notice,  or  whether  cases  have  been  reported  too  soon 
after  the  operation,  thus  affording  little  time  for  the  observance 
of  recurrence  or  whether  surgeons  have  failed  to  report  cases 
which  have  ended  fatally,  it  is  not  my  purpose  in  this  report  to 
state  although  these  various  possibilities  have  occurred  to  me 
during  this  study  of  the  literature. 

The  fact  however  remains  that  malignant  tumors  of  the  ovary 
do  occur  in  young  children,  and  it  is  therefore  the  duty  of  the 
physician  and  the  surgeon  to  look  upon  all  ovarian  growths  as 
possessing  possibilities  of  malignancy. 

A  study  of  the  reports  of  malignant  ovarian  tumors  here  col- 
lected reveals  the  fact  that  clinically  it  is  impossible  at. first  to 
distinguish  the  benign  cyst  or  tumor  from  a  malignant  growth. 

The  symptoms  of  the  two  conditions  may  be  identical  and  to 
this  fact  is  due  the  difficulty  of  differentiating  between  the  two 
forms.  Both  may  develop  slowly  and  without  causing  the 
patient  pain,  as  the  latter  seldom  is  present  unless  a  twist  of  the 
pedicle  or  some  other  complication  occurs.  As  the  tumor  grows, 
however,  symptoms  referable  to  a  malignant  growth  may  follow. 
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such  as  emaciation  and  those  arising  from  metastasis  or 
implantation.  The  histories  present  little  variation  since  the 
health  of  the  individual,  in  the  majority  of  the  cases,  has  been  re- 
ported as  "  good  "  up  to  the  third,  fourth,  fifth  or  sixth  month 
before  the  detection  of  the  new  growth. 

Symptoms  calling  attention  to  the  tumor  vary. 

1  Some  cases  were  discovered  accidentally  in  operating  on 
other  organs. 

2  In  others,  symptoms  referable  to  an  abdominal  tumor,  such 
as  tightness  of  the  clothing,  dyspnoea,  or  constipation,  have  led 
to  the  diagnosis. 

3  In  some  cases  the  patient  came  under  observation  on  account 
of  pain. 

4  In  a  few  cases  the  patient  was  examined  on  account  of  an 
associated  bloody  vaginal  discharge. 

5  S3miptoms  of  an  acute  abdominal  condition  arising  from 
twisting  of  the  pedicle  or  rupture  of  the  tumor,  indicated  the 
proper  diagnosis  in  several  instances. 

In  some  of  the  cases  here  tabulated,  the  diagnosis  of  sarcoma 
of  the  kidney,  hyatid  of  the  liver,  tuberculous  peritonitis,  sarcoma 
of  the  spine,  hsematocele,  hydronephrosis  or  typhoid  fever  was 
made.  An  astonishingly  small  percentage  of  the  diagnoses  were 
correct,  showing  beyond  a  doubt  that  the  condition  when  it  does 
occur  in  children  is  not  readily  recognized  owing  either  to  the 
difficulty  of  interpreting  the  s)miptoms  or  to  the  infrequency  of 
the  disease. 

The  occurrence  of  malignant  ovarian  cysts  in  children  and  the 
impossibility  of  differentiating  them  from  benign  cysts  before 
metastases  or  implantations  occur  emphasizes  the  importance  of 
an  early  diagnosis  and  operation  in  all  cases.  The  case  re- 
ported in  this  article  supports  this  statement  as  does  also  the  ex- 
perience of  the  following  investigators.  De  Senety  states  that 
"  it  seems  impossible  to  draw  a  line  of  demarcation  between 
ovarian  cysts  and  ovarian  cancers ;"  Kelly  says  that  "  from  a 
practical  standpoint  all  ovarian  tumors  must  be  considered  as 
malignant  until  removed  and  proved  otherwise."  Pozzi  remarks 
that  "  it  is  much  better  to  always  take  the  worst  view  of  the  case 
and  always  to  fear  generalization."  Hofmeier  and  Cohn  have, 
too,  layed  much  stress  on  the  fact  that  "glandular  cysts  may 
present  cancerous  degeneration,"  and  Leopold  fearing  this  de- 
generation has  given  it  as  a  general  rule  that  every  ovarian 
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tumor  diould  be  removed  aa  soon  as  it  is  recognized.  Bland 
Sutton  quotes  Jessup  who  once  rq>orted  a  case  in  which  a 
ruptured  dennoid  cyst  metastasized  to  the  liver,  the  suprarenal 
capsule  and  the  mesenteric  glands. 

As  regards  the  frequency  of  the  disease  at  the  diflferent  periods 
of  early  life,  the  cases  which  I  have  tabulated  reveal  the  fact 
that  60  per  cent,  occur  between  the  age  of  ten  and  fifteen,  while 
the  cases  ranging  from  birth  to  five  years  form  but  about  14  per 
cent,  of  the  total  number. 

Two  ttunors  simply  reported  as  malignant  ovarian  tumors 
have  not  been  included  in  the  tables  given  below  nor  are  the  four 
carcinomata  reported  in  Keating's. Encyclopedia  of  Diseases  of 
Children  (p.  739)  since  the  records  contains  no  reference  to  age. 

Table  /* — Type  of  Tumor  According  to  Age. 

Carcinoma 

Sarcoma 

Endothelioma 

13.8%    26.2%    60% 

In  the  table  below  the  result  of  the  operation  has  purposely  been 
omitted  inasmuch  as  the  majority  of  the  reports  did  not  state 
whether  the  patient  died  as  the  result  of  operation,  or  as  the 
result  of  the  occurrence  of  metastases;  also  in  those  given  as 
recoveries  it  was  impossible  always  to  determine  the  length  of 
time  after  operation. 

Conclusions. 

1  Malignant  ovarian  tumors  may  occur  in  children. 

2  In  the  first  stages  of  the  disease  the  clinical  symptoms  of  the 
benign  and  malignant  tumors  are  identical. 

3  The  tumor  may  be  discovered  accidentally  or  from  symp- 
toms arising  from  a  rupture  of  the  cyst  or  a  twisting  of  its  pedi- 
cle, which  may  be  the  first  evidence  of  the  presence  of  an  ovarian 
tumor. 

4  Children  of  all  ages  are  susceptible  to  the  disease  although 
it  occurs  most  frequently  in  children  between  ten  and  fourteen 
years. 

*  The  figures  here  given  cannot  be  regarded  as  conclusive  for  in  many  cases  no  micro- 
scopic examination  was  made 
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5  All  ovarian  tumors  should  be  r^;arded  with  suspidon  be- 
cause of  the  possibilities  of  malignancy. 

6  Rupture  of  ovarian  cyst  should  be  guarded  against  because 
of  the  possibility  of  secondary  implantations  in  the  peritoneum. 

7  Accurate  classification  of  the  mixed  tumors  is  frequently 
impossible  in  the  present  state  of  our  knowledge. 

Summary  op  Rbportbd  Casks  of  Mauonant  Ovarian  Tumors. 

No.                 Reporter                 Age                {Tamor  Reference 

I  Brown,  R pmo  Carcinoma See  reference  to  case 

No.  35. 
3  Harris, aa . . .  Endoth.  Sarcoma. .  .Am  Jour.Obst.  2904, 

L,  S30. 

3  Platau aamo  Sarcoma. M{Lnch.  Med.  Woch- 

enschr.  1903,  532. 

4  Hoffman  and  Keyser  33mo  Cystic  sarcoma. Am.     Jour.     Obst., 

1897.       XXXVI, 


yrs. 


331. 
St.  Louis  Courier  of 


6  Gibb a}. 


5  Evers a  J. .  Sarcoma 

Med.  1884. 
Myxo-chondro  sar- 
coma  Glasgow  Med.  Jour. 

1903,  LX.  100. 

7  Cameron 3J. .  Sarcoma Glasgow  Med.  Tour. 

1889  (4)  S  XXXI, 
37-40. 

8  Foerste 4j. .  Sarcoma Am. Jour. Obst.  1806, 

XXXIII.  80. 

9  Byford 4}. .  Sarcoma Chicago  Med.  Record 

1891.  II.  434. 

Carcinoma Johns  Hopkins  Hosp. 

Bulletin,         2905. 

XVI,  loa. 

Sarcoma. See  reference  to  case 

No.  31. 
Sarcoma. Lancet,     1895,     II, 

1622. 
Sarcoma See  reference  to  case 

No.  31. 

Sarcoma Ditto. 

Sarcoma Edin.     Med.     Jour. 

1892-3.  XXXVIII. 

689. 
Sarcoma Presse.  Med.    a  Mai, 

1888. 
Endoth.    Lymphati- 
cum Arch.      f .      Gynak, 

XLVI.  493. 
CarctnoDM Wiener  Med.  Woch- 

enschr.  1894, 47. 
Sarcoma See  reference  to  case 

No.  31. 

Carcinoma Ditto. 

Cystic  Sarc Arch,  fflr  Gyn.  VI, 

189.  . 
Carcinoma See  reference  to  case 

No.  31. 
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10  Wiel 5 

u  Viering 5 

la  Page 6 

13  Turner 6 

14  Cohn 6 

15  Croom 7 

16  Lucas 7 

17  Amann,  Jr 7 

18  Gussenbauer 8 

19  StolypinskL 8 

ao  Chenoureth 8 

ai  Leopold 8 

22  Olshausen 8 
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No.  Reporter  Age 

3  Malius gjn 

4  Forbes 9  . . 

5  Tanner,  J.  H 9  .. 

6  Leopold 9  .. 

7  McBumey zo  . . 

8  Emmett zo  .  • 

39  Wagner zo  . . 

io  Klebs zo  . . 

z  Hubert zz  .. 

2  Halliday  Croom zz  .. 

3  Leopold zz  . . 

4  Olshausen zz  . . 

5  Kluge zz  .. 

6  Kelly za  .. 

7  Olshausen za  . . 

8  Wagner 13  . . 

9  Wells Z3  .. 

o  Martin Z3  . . 

z  Leopold Z3  . . 

a  Leopold Z3  . . 

.3  Ecknardt Z3  . . 

,4  Demalds Z3  . . 

5  Flaischlen Z3  . . 

,6  Cohn Z3  .. 

7  Mertens Z3  .. 

.8  Bode Z3  . . 

9  Schrooder Z3  . . 

0  Smith z4  . . 

1  Leopold Z4  . . 


Ttimor  Reference 

Cystic  sarc Lancet,      1890,      I, 

1174. 
Myxo-sarc Australian  Med. 

Jour.,  1894,  XVI. 
Carcinoma. See  reference  to  case 

No.  35. 
Carcinoma See  reference  to  case 

No.  31. 
Sarcoma Annals  of    Surgery, 

1805.  XXL 
Malignant  tumor. .  .Am.  Jour.  Obst.  July 

1881,  XIV.  674. 
Sarcoma Arch.  f&:  Klin.  Chir. 

XXX.  504. 
Carcinoma See  reference  to  case 

No.  35. 
Endothelioma  Lym- 
phaticum UeberOvarialGesch- 

wClltse    bei     Kin* 

dem,         Giessen, 

1901. 
Sarcoma Obst.   Trans.    Edin. 

XIV. 
Carcinoma See  reference  to  case 

No.  31. 
Carcinoma See  reference  to  case 

No.  31. 
Sarcoma Dissertation,      Mar* 

burg,  1804. 
Sarcoma Keating*s  Encyclop. 

of  Diseases  of  Chu- 

dren,  73Q. 
Carcinoma See  reference  to  case 

No.  31. 
Sarcoma Arch.  f<ir  Klin.  Chir. 

XXX,  505. 
Sarcoma Diseases  of  Ovaries, 

N.Y.  1873.56. 
Carcinoma Krankheiten         der 

EierstOcke,    Z899, 

369. 
Carcinoma Gyn^  Ges.   Dresden, 

12  Juli,  1894. 

Sarcoma. Ditto. 

Sarcoma Deutsche  Med.  Wo- 

chenschr.,       189S, 

Vereins      Beilage, 

14. 
Carcinoma Dissertation  GOttin- 

gen,  189S. 
Carcinoma See  reference  to  case 

No.  31. 

Carcinoma Ditto. 

Sarcoma Deutsche  Med.  Woch- 

enschr.,  1894.  06. 
Sarcoma Gjm.  Geselsch.  Dres- 
den. 12  July.  1894. 
Carcinoma Zeitschr.  fdr  Geb.  und 

Gyn.    1883,   9369. 

Sarcoma Lancet.  1874.  vol.  II. 

Sarcoma Arch.  f{ir  6301.  VI. 
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No.              Rjoporter 
52  Solger 


53  Kaltenbach. 

54  Mtiratoff.  • . . 

55  Voxmegut... 

56  Amann,  Jr. . 


57  Thornton 15 


58  DyonstenandSzabo. 

59  Koeberle 

60  Geyer 

61  Bergesio,  L 

63  Hanks 


63  Dembo 25 


64  Kratzenstein. 

6s  Pick 

66  Shatz 


Ago  Tumor  Refcrenoo 

1 4  yrs  Carcinoma Beitras^e  zur  Geburt 

shiilfe  und  GynAk, 

14  . .  Carcinoma See  reference  to  case 

No.  31. 

14  . .  Sarcoma See  reference  to  case 

No.  31. 

X4  . .  Sarcoma Dissertation,     Mfin- 

chen,  1896. 
14  . .  Endoth.      Lympati- 

cum Gesellch.  f .   Geb.  u. 

Gyn&k  zu  Mfin- 
chen,  21  Jan. 1807. 
,  Carcinoma Med.  Times  &  Ga- 
zette, London, 
1883. 

.  Carcinoma Arch.       fClr      Gyn. 

XXXII.  194. 

,  Carcinoma Gaz.  Med.  de  Strass- 

burg,  1875. 

,  Carcinoma Dissertation,    WCirz- 

burg.  1897. 

,  Cysto-sarcoma Osservatore  Toreno, 

1883,  p.  529. 
Cystic  Carcinomatous 

Degeneration Am.     Jour.     Obst., 

1891,  XXIV,  94X. 
Cystic  Carcinamatous 

Degeneration Dissertation,  Berne, 

1892, 

Sarcoma Zeitschr.  f .  Geb.  u. 

Gyn..  XXX VI, 91. 

Sarcoma , . . . .  Centralbl.  fflr  GynSiK. 

1894.  941. 

Carcinoma Corresp.    Blatt.    des 

Allg.  Mecklen- 
burg, Aerzte  Ver- 
eins  No.  106. 


15 
15 
15 
IS 
IS 


15 
IS 
IS 


I.   BlOBLOW. 

9.  Bland  SuTTOM. 

3.  COBN. 

4.  D«  Sbnstt. 
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Reprinted  irom  Albany  Mbdical  Annals,  November.  1905. 

ACTINOMYCOSIS  LIMITED  TO  THE  URINARY 

TRACT. 

By  E.  MacD.  STANTON,  M.  D., 

(Prom  the  Beadsr  Labormtory.  Albany,  N.  Y^ 

Actinomycosis  limited  to  the  urinary  tract  is  of  exceedingly 
rare  occurrence.  In  a  careful  search  of  the  available  literature 
on  human  actinomycosis,  an  instance  of  such  localization  has 
not  been  found.  It  seems  advisable  therefore  to  record  a  case 
in  which  an  actinomycotic  lesion  was  limited  to  tfie  kidney  and 
bladder. 

Actinomycosis  involving  the  kidney  as  an  incidental  lesion 
in  the  pyaemic  form  of  the  disease  is  by  no  means  uncommon ; 
cases  of  this  type  having  been  reported  by  Ruhrah,*  Mallory,* 
Kobler'  and  others.  Both  the  kidney  and  bladder  may  be  in- 
volved by  the  direct  extension  of  lesions  originating  in  other 
organs,  the  most  frequent  source  being  the  gastro-intestinal 
tract.  Such  cases  have  been  reported  by  Billroth,*  Bell*  and 
others. 

The  case  here  reported  was  clinically  one  of  cystitis  and  pye- 
lonephritis. The  actinomycotic  character  of  the  kidney  lesion 
was  not  recognized  during  life  or  at  the  time  of  the  autopsy; 
but  was  discovered  only  upon  histological  examination  of  the 
kidney.  For  this  reason  it  has  been  impossible  to  definitely 
determine  certain  points  which  might  have  an  important  bear- 
ing on  the  unusual  localization  of  the  lesions. 

Rkfokt  op  Case. 
(Records  of  the  Bender  Laboratory,  Autopsy  No.  839.) 

CJmieal  history.  Mr.  W.,  white,  aged  53,  shoemaker,  admitted  to  St 
Peter's  Hospital,  January  7,  I905»  service  of  Dr.  Henry  Hun. 

Fawuiy  history.    Negative. 

Personal  history.  Always  healthy.  Uses  alcohol  to  excess.  Denies 
venereal  history: 

Present  illness.  About  two  months  before  admission  to  the  hoH^ital  the 
patient  began  to  have  difficulty  in  passing  his  urine.  He  could  pass  only  a 
onall  amount  at  one  time  and  the  stream  was  smalL  For  some  time  before 
admis^on  he  had  been  troubled  with  dribbling  of  tirine  over  which  he 
had  no  control.    The  passage  of  urine  caused  a  burning  sensation. 
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Physical  examination.  Patient  well  developed.  Pupils  unequal,  the  left 
being  irregularly  dilated.  Tongue  enlarged,  flabby,  has  fine  tremor  and 
is  covered  with  white  fur.  Lungs  resonant  Expiratory  murmur  pro- 
longed Heart  sounds  rather  faint  but  otherwise  normal  Abdominal 
examination  negative.    Bladder  somewhat  distended.    Knee  jerks  present 

UAnary  examination,  January  8th,  specific  gravity  1020;  add;  cloudy; 
trace  of  albumen;  no  sugar;  many  leucocytes  and  epithelial  cells.  Janu- 
ary 23rd,  specific  gravity  loio;  add;  doudy;  many  pus  cells. 

Blood  examination.  January  33rd,  haemoglobin  45  per  cent ;  leucocytes 
6000. 

Sputum  examination.  Many  encapsulated  diplococd.  No  tuberde  badlli 
found. 

While  in  the  hospital  the  patient  ran  an  irregular  temperature  ranging 
from  99  to  103  and  was  slightly  irrational  the  greater  part  of  the  time. 
In  addition  to  the  bladder  symptoms  he  had  a  slight  cough. 

The  treatment  was  purdy  symptomatic  and  consisted  of  cystogen  in  five 
grain  doses  every  four  hours  together  with  a  cough  mixture,  bismuth 
subnitrate,  tannigenfi,  strychnine  and  digitalb. 

Autopsy.    Made  by  Dr.  Stanton  eighteen  hours  after  death. 

The  body  b  that  of  a  large  framed,  poorly  nourished  adult  male.  Length 
of  body  167  centimeters.  Rigor  mortis  present  No  oedema.  Pupils 
unequal.  Skin  of  a  uniform  yellow  color  except  for  moderate  reddish 
discoloration  of  dependent  parts.  On  the  outer  aspect  of  the  right  thigh 
6  centimeters  below  the  crest  of  ilium  is  an  irregular,  d^ressed  reddish 
scarj 

Abdominal  cavity.  No  free  fluid.  Serous  surfaces  smooth  and  glisten- 
ing. The  omentum  covers  the  intestines,  is  rich  in  fat  and  adherent 
by  fibrous  adhesions  to  the  left  side  of  the  urinary  bladder.  The  appendix 
points  downward  and  its  tip  is  adherent  to  the  bladder.  The  transverse 
colon  is  adherent  to  the  gall-bladder  by  a  few  fibrous  bands. 

Pericardial  cavity.    Negative. 

Pleural  cavities.  Negative  except  for  a  few  fibrous  adhesions  at  both 
apices  and  at  base  of  left  lung. 

Heart.  Normal  in  size;  pericardium  and  endocardium  normal  Valves 
negative  except  for  slight  thickening  at  attached  borders  of  aortic  valves. 
The  myocardium  is  firm  and  brownish  red  in  color.  Wall  of  left  ventride 
averages  14  to  16  millimeters  in  thickness. 

Right  lung.  Surface  smooth.  On  section  numerous  ydlowish  caseous 
nodules  i  to  5  millimeters  in  diameter  are  found  at  the  apex,  while  in 
the  middle  lobe  are  many  closely  arranged  recent  tubercles  2  to  4  milli- 
meters in  diameter.  These  have  a  distinctly  peribronchial  arrangement 
The  lower  lobe  contains  many  similar  nodules.  Ltuig  otherwise  negative 
except  for  moderate  carbon  pigmentation. 

Left  lung.  Pleural  surface  smooth  except  at  apex  and  along  posterior 
surface  where  there  are  a  few  fibrous  tags.  The  apex  is  puckered  con- 
taining a  distinctly  encapsulated  caseous  nodule  i  centimeter  in  diameter 
surrounded  by  a  number  of  small  firm  nodules.  Scattered  throughout  the 
remainder  of  the  lung  are  nodules  similar  to  those  in  the  right  lung. 
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Spleen.  Weight  240  grammes;  capsule  smooth;  cut  surface  dark  red 
in  color;  trabeculae  distinct;  follicles  mdistinct. 

Liver.  Weight  1500  gnunmes.  The  capsule  is  normal  except  for  a  few 
thickened  slightly  wrinkled  areas  on  the  upper  anterior  surface  of  the 
lower  lobe.  On  section  the  cut  surface  shows  red  and  greyish  yellow 
mottling;  the  darker  areas  correspond  to  the  centres  of  the  lobules.  Gall- 
bladder and  ducts  normal. 

Gastro-intesHnal  tract.  The  stomach  is  dilated;  its  mucosa  smooth, 
pale  and  covered  with  a  thick  tenacious  mucus.  The  remainder  of  the 
gastro-intestinal  tract  is  negative  except  for  a  small  pit-like  depression 
in  the  middle  of  the  transverse  colon  whidi  r^resents  apparently  a 
healed  ulcer. 

Right  Kidney.  Weight  230  grammes.  The  capsule  strips  with  some 
difficulty  leaving  an  exceedingly  pale  greyish-yellow  cortex  with  deeply 
injected  stellate  veins.  On  section  the  pelvis  is  filled  with  a  thin  greyish 
yellow  purulent  fluid.  The  pyramids  and  adjacent  cortex  are  streaked 
by  greyish  yellow  lines  of  purulent  infiltration.  In  many  places  the  areas 
of  suppuration  are  confluent,  forming  abscesses  0.5  to  i  centimeter  in 
diameter  filled  with  a  thick  pus  containing  fragments  of  necrotic  tissue. 
The  ureter  contains  a  thin  cloudly  fluid. 

Left  kidney.  Weight  160  grammes.  The  capsule  strips  with  some 
difficulty  leaving  a  coarsely  lobulated  pale  yellow  surface.  On  section 
the  cortex  is  seen  to  be  markedly  thinned.  The  cut  surface  is  pale  yellow 
in  color  and  has  a  glistening  appearance.  The  iodine  test  for  amyloid  is 
negative.     Ureter  normal. 

Urinary  bladder.  The  wall  is  very  greatly  thickened  and  is  firmly  bound 
to  the  pelvis  on  the  right,  posteriorly,  by  dense  connective  tissue  containing 
islands  of  fatty  tissue.  On  removing  bladder  ntunerous  pus  cavities  are 
opened,  a  thick  yellow  pus  escaping.  The  mucosa  of  the  bladder  which 
shows  irregular  losses  of  substance  is  slightly  granular  and  has  a 
mottled  greyish  yellow  color.  The  cavity  of  the  bladder  is  filled  with 
a  thick  mucoid  pus  and  many  of  the  pus-containing  pockets  opened  in 
removing  the  bladder  are  found  to  communicate  with  the  bladder  being, 
apparently,  diverticula. 

Prostate,  seminal  vesicles  and  testicles.     Normal. 

Adrenals.    Normal. 

Aorta.     NormalJ 

Anatomical  diagnosis.  Chronic  ulcerative  cystitis.  Suppuration  in 
diverticula  of  bladder.  Chronic  pericystitis.  Pyelo-nephritis  (right). 
Chronic  diffuse  nephritis.  Pulmonary  tuberculosis.  Fatty  liver  with  slight 
chronic  passive  congestion.  Scar  of  right  hip.  Scar  of  old  ulcer  (?)  in 
colon.     Chronic  peritonitis.    Chronic  oleuritis. 

Bacteriology.    Cultures  from  right  kidney  sterile  arfter  48  hours. 

Histologic  examination — Lung.  Sections  through  nodular  masses  show 
tubercles  made  up  of  epithelioid  cells,  giant  cells  and  lymphocytes  and 
with  central  areas  of  caseation  in  and  about  which  are  slender  beaded 
bacilli  which  stain  by  the  Gabbet  and  Gram-Weigert  methods.  Careful 
examination  of  many  sections  revealed  no  evidence  of  the  presence 
of  actinomyces  or  other  streptothricial  forms. 
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Left  kidney.  A  few  small  focal  areas  in  cortex  show  increase  of 
interstitial  tissue  with  an  occasional  hyaline  glomerulus.  Other  glomerular 
tufts  in  these  areas  are  shrunken  and  lobulated  with  wide  intra-capsular 
spaces.  The  cells  of  the  convoluted  tubules  are  swollen  and  granular.  A 
few  hyaline  casts  are  seen  in  the  straight  tubules. 

Right  kidney.  Same  chronic  changes  as  in  left  kidney.  In  addition 
sections  taken  through  the  abscesses  in  the  pyramids  and  cortex  show 
irregular  areas  of  suppuration.  These  areas  are  composed  of  polynudear 
leucocytes  and  cell  detritus  in  the  midst  of  which  are  seen  numerous 
typical  actinomyces  colonies  with  well  developed  "clubs."  The  persisting 
kidney  tissues  about  such-  areas  are  diffusely  infiltrated  with  lymphocytes, 
plasma  cells  and  poljmuclear  leucoq^es,  while  surrounding  some 
of  the  larger  abscesses  there  is  a  poorly  defined  zone  of  highly  cellular 
newly-formed  fibrous  tissue.  In  the  diffusely  infiltrated  areas  the  glomeruli 
and  a  large  proportion  of  the  tubules  can  still  be  made  out  The  mucosa 
and  submucous  tissues  of  the  pelvis  are  infiltrated  with  lymphocytes,  plasma 
cells  and  fibroblasts.  A  variety  of  staining  methods,  including  those  for 
the  tubercle  bacillus,  prove  the  actinomyces  to  be  the  only  organism  present 

Bladder.  Sections  through  the  ulcerated  portions  of  the  bladder  wall 
show  an  entire  absence  of  epithelium.  The  mucosa  is  replaced  by  granu- 
lation tissue  which  is  exceedingly  rich  in  spindle  shaped  cells.  On  the 
surface  of  this  tissue  is  a  layer  of  partially  necrotic  cellular  material 
containing  a  moderate  ntunber  of  leucocytes  together  with  large  clumps 
of  coed  and  a  few  badlli.  Small  areas  of  necrosis  extend  into  the 
deeper  tissues  of  the  bladder  wall.  The  muscular  coat  shows  a  very 
marked  increase  of  connective  tissue  of  a  highly  cellular  type.  Although 
sections  cut  from  a  large  ntunber  of  blocks  representing  various  portions 
of  the  bladder  wall  were  examined  for  actinomyces  neither  colonies  nor 
filaments  could  be  found.     Stains  for  tubercle  badlli  are  also  negative. 

Histologic  diagnosis.  Actinomjrcosis  of  right  kidney.  Chronic  ulcera- 
tive cystitis  with  extensive  formation  of  granulation  tissue.  Slight  chronic 
diffuse  nephritis.  Pulmonary  tuberculosis.  Old  blood  pigment  in  spleen. 
Congestion  and  fatty  metamorphosis  of  liver. 

The  presence  of  colonies  of  actinomyces  in  the  kidney 
abscesses  leaves  no  doubt  as  to  the  nature  of  the  renal  lesion. 
The  failure  to  find  either  colonies  or  filaments  of  actinomyces 
in  the  bladder  wall,  however,  raises  a  question  concerning  the 
character  of  the  bladder  lesion.  On  the  other  hand  the  pres- 
ence of  actinomycosis  of  the  kidney  and  the  peculiar  character 
of  the  histological  changes  in  the  bladder  wall  indicate  the 
probability  that  this  lesion  also  is  actinomycotic  in  nature. 

The  mode  of  infection  in  this  case  is  doubtful  and  it  is  more 
than  possible  that  the  lesion  in  the  urinary  tract  was  secondary 
to  a  primary  focus  which  had  existed  in  some  other  part  of 
the  body  but  which  had  disappeared  at  the  time  of  autopsy. 
The  small  scar-like  area  in  the  colon,  the  various  peritoneal 
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adhesions  and  the  old  scar  on  the  outer  aspect  of  the  right 
thigh  each  suggest  antecedent  inflammatory  conditions  offer- 
ing possible  routes  of  infection;  but  no  connection  could  be 
traced  between  any  of  these  and  the  lesion  in  the  urinary  tract. 
The  presence  of  tubercle  bacilli  in  the  lung  and  the  absence  of 
actinomyces  dispose  of  any  possibility  that  the  lung  lesion 
might  have  been  the  portal  of  infection. 
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Reprinted  bom  Albany  Mbdical  Annals,  January,  1906. 

BENDER  HYGIENIC  LABORATORY. 

Annual  Report  of  the  Director,  fer  the  Year  Ending  August  31,  1905, 
Bt  RICHARD  M.  PEARCE,  M.  D. 

To  the  Trustees  of  the  Bender  Hygienic  Laboratory: 

I  have  the  honor  to  submit  my  report  for  the  year  ending 
August  31,  1905. 

The  Work  of  the  Laboratory.  This  may  be  conveniently 
divided  into  routine  examinations,  tmder-g^duate  teaching, 
instruction  to  special  students  and  original  investigation. 

The  nature  of  the  routine  work  of  the  laboratory  is  shown  in 
the  accompanying  table  which  gives  the  source  of  the  material 
and  the  number  and  character  of  the  examinations.  Mr. 'Wach- 
ter's  tabulation  of  his  chemical  and  bacteriological  examinations, 
made  at  the  filtration  plant,  have  been  included  in  his  annual 
statement  to  the  Water  Bureau  of  the  City  of  Albany  and  do 
not  appear  in  this  report. 

TABULATION     OF     THE     ROUTINE    EXAMINATIONS     MADE     BY     THE 
STAFF   OF   THE   BENDER   LABORATORY   FROM    SEPTEM- 
BER   I,    1904,   TO   AUGUST   31,    1905. 
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These  figures  show  a  very  satisfactory  increase  in  the  work 
in  pathology,  but  a  slight  decrease  in  the  number  of  bacterio- 
logical examinations.  There  is,  however,  an  increase  over  last 
year  of  three  per  cent,  in  the  total  number  of  examinations.  The 
greatest  increase  has  been  in  the  number  of  surgical  specimens, 
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which  show  an  increase  of  26.7  per  cent,  over  last  year.  This 
is  largely  due  to  the  fact  that  the  laboratory  now  does  the  work 
of  the  St.  Peter's  Hospital,  of  Albany,  and  tfie  Ellis  Hospital, 
of  Schenectady. 

The  laboratory  courses  during  the  past  year  (term  of  seven 
and  a  half  months)  to  undergraduates  of  the  Albany  Medical 
School  were  as  follows: 

Pathology  and  bacteriology. — ^Drs.  Pearce,  Stanton,  Winne  and 
Sibley,  eight  and  a  half  hours  a  week. 

Normal  histology. — Drs.  Stanton  and  Boyd,  six  hours  a  week. 

Qinical  microscopy. — Drs.  Laird  and  SiUey,  two  and  a  half 
hours  a  week. 

Surgical  pathology. — Drs.  Elting  and  Carey,  two  and  a  half 
hours  a  week. 

Histology  and  pathology,  in  connection  with  the  course  in 
obstetrics. — Drs.  Lipes  and  Boyd,  two  and  a  half  hours  a  wedc 

Anatomy  and  pathology  of  the  nervous  system. — ^Drs.  Stanton 
and  Boyd,  one  and  a  half  hours  a  week. 

In  connection  with  the  course  in  pathology  the  most  serious 
need  is  some  arrangement  by  which  post-mortem  examinations 
may  be  made  before  the  entire  class.  At  present,  this  instruction 
can  be  given  only  to  small  sections  at  irregular  intervals.  It 
would  appear  possible,  by  combined  action  of  the  Albany  Hos- 
pital, the  faculty  of  the  Albany  Medical  College  and  the  trustees 
of  the  Bender  Laboratory,  to  arrange  for  proper  facilities  at  the 
Albany  Hospital.  I  respectfully  suggest  to  the  trustees  the 
necessity  of  immediate  action  upon  this  question. 

Physicians  who  have  availed  themselves  of  the  opportunity 
to  work  in  the  laboratory  for  considerable  periods  of  time  are 
Dr.  R.  Fletcher  Van  Heusen  of  San  Francisco,  Dr.  ElHce  Mc- 
Donald of  New  York,  Dr.  C.  G.  McMullen  and  Dr.  W.  P.  Faust 
of  Schenectady,  and  Drs.  J.  A.  Cox,  J.  A.  Lanahan,  J.  A. 
Sampson,  J.  F.  Rooney,  A.  J.  Douglas,  A.  T.  Hull  and  K.  D. 
Blackfan  of  Albany.  Undergraduates  having  similar  privileges 
were  Messrs.  J.  L.  Donnhauser,  Erastus  Coming,  Jerome  Myers, 
E.  W.  Jackson,  J.  H.  Linden,  J.  F.  Robinson,  S.  P.  Brush,  R.  A. 
Lawrence  and  F.  C.  Conway,  students  of  the  Albany  Medical 
School,  and  Mr.  Nelson  Fromm,  of  Dartmouth  Medical  College. 
These  gentlemen  have  assisted  in  the  routine  woric  of  the  labora- 
tory, pursued  special  lines  of  study  or  engaged  in  research  work. 

Investigations  completed  dtuing  the  past  year  are  as  follows: 
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I.  Stanton,  E.  MacD.,  The  Sequence  of  the  Pathologic 
Changes  in  Appendicitis. — Journal  of  the  American  Medical 
Association,  1905,  xtiv,  1849. 

a.  Baldauf,  L£0N  K.,  Cancer  of  the  Appendix  Vermiformis, 
with  Report  of  Three  Cases. — ^Albany  Medical  Annals  (in 
press). 

3.  CcmNiNG,  E.,  Retention  Cyst  and  Diyerticulum  of  the  Ap- 
pendix Vermiformis. — Albany  Medical  Annals  (in  press). 

4.  Laird,  A.  T.,  The  Elimination  of  Endogenous  Uric  Acid 
in  Cases  of  Chronic  Gout. — American  Medicine,  1905,  x,  315; 
Albany  Medical  Annals,  xxvi,  742. 

5.  Pearce^  R.  M.,  Experimental  Cirrhosis  of  the  Liver. — 
Journal  of  Experimented  Medicine  (in  press). 

6.  Peabce,  R.  M.,  and  Stanton,  E.  McD.,  Experimental  Ar- 
teriosclerosis.— Journal  of  Experimental  Medicine  (in  press). 

7.  Stanton,  E.  McD.,  Actinomycosis  Limited  to  the  Urinary 
Tract. — ^Albany  Medical  Annals,  xxvi,  738. 

8.  DoNHAUSER,  J.  L.,  Malignant  Ovarian  Tumors  in  Chil- 
dren with  Report  of  a  Case. — ^Albany  Medical  Annals  (in 
press). 

9.  McDonald,  E.,  The  Various  Forms  of  Puerperal  Sepsis 
with  Report  of  Cases. — American  Medicine  (in  press). 

Other  investigations  not  yet  completed  are: 

A  Study  of  the  Effect  of  Haemol)rtic  Sera  upon  the  Blood  and 
Blood-forming  Organs  by  Dr.  C.  K.  Winne,  Jr;  A  Study  of 
tfie  Action  of  Toluylendiamin  upon  the  Blood  and  Blood-forming 
Organs  by  Mr.  J.  L.  Donhauser;  and  a  Study  of  Sarcoma  of 
the  Uterus  by  Dr.  Ellice  McDonald. 

The  expense  of  the  experimental  work  has  been  defrayed  by 
a  grant  from  the  Rockefeller  Institute  for  Medical  Research; 
a  similar  grant  has  been  obtained  for  the  ensuing  year. 

Laboratory  Club.  During  the  past  year  an  organization 
known  as  the  Laboratory  Review  Club  has  been  formed.  This 
includes  tfie  regular  staff  and  all  instructors  giving  courses  in 
the  laboratory.  Its  object  is  to  cover,  in  the  form  of  general 
reviews,  a  few  of  the  important  lines  of  work  in  scientific 
medicine.  These  reviews  are  afterwards  published  in  the 
Albany  Medical  Annals.  Physicians  and  students  doing 
special  work  in  the  laboratory  are  invited  to  attend  these  meet- 
ings so  that  an  average  attendance  of  twelve  to  fifteen  has 
been  the  rule.    This  club  has  been  so  enthusiastically  supported 
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by  all  members  and  its  advantages  are  so  evident  that  it  will 
be  made  a  permanent  organization. 

Changes  in  the  Staff.  Dr.  E.  MacD.  Stanton  and  Dr. 
Oias.  K.  Winne,  Jr.,  who  were  reappointed  as  regular  assistants, 
and  Dr.  E.  F.  Sibley,  who  volunteered  as  assistant  without 
salary  for  one  year,  have  constituted  the  laboratory  staff  for 
the  past  twelve  months.  To  the  conscientious  and  earnest  efforts 
of  these  gentlemen  is  due  in  large  part  the  present  efficiency 
of  the  laboratory  in  all  lines  of  work.  To  Dr.  Sibley  we  are 
especially  indebted  for  time  and  labor  given  without  substantial 
recompense.  Dr.  Stanton,  having  received  an  appointment  at 
the  St.  Mary  Hospital  of  Chicago,  resigned  in  June.  Dr.  Leon 
Kahn  Baldauf  (Johns  Hopkins  University,  A.  B.,  1901 ;  M.  D., 
1905)  has  been  appointed  his  successor.  Dr.  Winne  resigned 
September  ist  to  enter  private  practice  in  Albany  and  in  his 
stead  Dr.  Kenneth  D.  Blackfan  (Albany  Medical  College,  M.  D., 
1905)  has  been  appointed.  On  September  ist.  Dr.  Sibley  also 
terminated  his  connection  with  the  laboratory  in  order  to  become 
an  assistant  to  Dr.  A.  W.  Elting. 

The  great  increase  in  all  departments  of  our  work  has  led 
to  the  creation  of  three  new  positions.  The  first  of  these,  an 
assistantship  in  Neuro-Pathology,  was  made  possible  through 
the  generosity  of  Dr.  Henry  Hun.  To  this  position  has  been 
appointed  Dr.  La  Salle  Archambault  (Albany  Medical  College, 
M.  D.,  1902),  who  enters  upon  his  duties  after  two  years 
special  study  of  neurology  in  the  laboratories  and  clinics  of 
Europe.  The  second  position,  that  of  assistant  in  Surgical 
Pathology,  is  the  result  of  the  generous  cooperation  of  Drs. 
Albert  Vander  Veer  and  Willis  G.  Macdonald.  To  this  position 
has  been  appointed  Dr.  Harold  Eugene  Robertson  (Carlton  Col- 
lege, A.  B.,  1899;  University  of  Pennsylvania,  M.  D.,  1905). 

The  third  new  position,  that  of  Pathological  House  Officer  to 
the  Albany  Hospital,  is  the  natural  result  of  the  great  increase 
in  laboratory  work  of  the  latter  institution.  Although  the  in- 
cumbent of  the  position  is  appointed  by  the  Board  of  Governors 
of  the  Albany  Hospital  at  the  recommendation  of  its  staff,  and 
is  therefore  an  officer  of  the  hospital,  it  appears  justifiable,  as 
the  greater  part  of  his  work  will  be  in  the  Bender  Laboratory, 
to  consider  him  as  an  assistant  in  the  latter  institution.  Dr. 
William  M.  Dwyer  (Albany  Medical  College,  M.  D.,  1905)  has 
been  appointed  by  the  Board  of  Governors  of  the  hospital  to 
fill  this  position  during  the  year  ending  June  i,  1906. 
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The  influence  which  these  changes  will  have  upon  the  work 
of  the  laboratory  cannot  be  estimated.  The  staff  for  the  past 
two  years  has  been  quite  inadequate.  The  great  variety  and 
amount  of  our  routine  work  including  as  it  does,  teaching,  exami- 
nations for  state  and  city  boards  of  health,  the  autopsy  work 
and  the  examinations  of  the  surgical  material  of  the  various 
hospitals  of  this  vicinity  and  the  prosecution  of  special  investiga- 
tions has  taxed  the  staff  to  its  utmost  and  not  infrequently  has 
caused  considerable  embarrassment  Such  difficulties,  however, 
will  be  avoided  by  this  increase  in  the  staff. 

Through  financial  assistance  afforded  by  the  Albany  Medical 
College,  the  janitor  service  has  been  increased  and  this  very  im- 
portant service  is  now  highly  satisfactory. 

Mr.  Leonard  M.  Wachter  was  reappointed  for  the  year 
i905-'o6  as  assistant  chemist  and  bacteriologist,  in  charge  of  the 
Albany  filtration  plant. 

Improvements^  Repairs,  Etc.  These  have  been  entirely  prac- 
tical and  are  not  of  great  importance.  The  small  room  off  the 
large  class  room  has  been  transformed  into  a  museum.  Here 
has  been  formed  the  nucleus  of  a  museum  of  gross  pathology. 
On  the  first  floor  new  quarters  have  been  built  and  furnished 
for  the  janitor.  Speaking  tubes  and  call  bells  have  been  in- 
stalled, Uius  obviating  much  unnecessary  confusion  and  expe- 
diting the  work.  A  set  of  framed  bacteriological  plates  have 
been  placed  in  tfie  class  room.  During  the  past  summer  the 
usual  amount  of  repairing,  painting  and  varnishing  of  wood- 
work has  been  done.  The  building  is  in  excellent  condition 
and  I  have  now  nothing  to  suggest  in  the  way  of  repairs  or 
improvements. 

Of  great  advantage  has  been  the  space  regained  by  the  removal 
of  tfie  State  Antitoxin  Laboratory.  Of  the  four  rooms  tfius 
vacated  two  are  now  devoted  to  general  laboratory  purposes, 
one  has  been  fitted  up  as  an  operating  room  and  tfie  fourth  has 
been  reserved  for  Dr.  H.  C.  Jackson,  recently  appointed  Adjunct 
Professor  of  Physiological  Qiemistry  in  tfie  Albany  Medical 
School.  Although  Dr.  Jackson's  classes  will  be  held  in  the  new 
laboratory  at  tfie  Medical  School  buildings,  it  seems  advisable, 
owing  to  the  many  advantages  offered  by  the  Bender  Laboratory 
and  also  on  account  of  the  proximity  to  the  city  and  county 
hospitals,  that  space  and  facilities  for  research  work  be  given  him 
in  this  laboratory. 
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NOTE 

it   it 

nPHIS  volume  comprises  the  publications  of  the  Bender 
Hygienic  Laboratory  based  on  the  work  for  the  year 
ending  August  3,  1906.  Some  of  these  have  appeared  in  other 
medical  journals,  but  for  the  sake  of  imiformity  all  have  been 
reprinted  from  the  Bender  Laboratory  Ntmiber  (January,  1907) 
of  the  Albany  Medical  Annals.  The  object  of  again  present- 
ing these  studies  is  to  bring  them  in  collected  form  before  those 
especially  interested  in  the  laboratory  or  its  work. 

RICHARD  M.  PEARCE, 

Director. 

Thb  Bbndbr  Htgibnic  Laboratohy 

Albany,  N.  Y.,  December,  1906. 
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CONCERNING    THE    PRODUCTION    OF    CYTOTOXIC 
SERA  BY  THE  INJECTION  OF  NUCLEOPROTEIDS.* 

By  RICHARD  M.  PEARCE,  M.  D., 

Profeuor  of  Pathology  mnd  Bacteriology. 
AND 

HOLMES  C.  JACKSON,  Ph.  D., 

Adjunct  ProfeMor  of  Physiological  Chemistry.  Albany  Medical  College. 
(From  ih$  Ihndtr  Laboratory,  Albany,  N.  Y.) 

This  investigation  was  incited  by  the  publication  of  Beebe's 
studies^  which  describe  the  production  of  specific  cytotoxic  sera 
for  the  liver,  kidney  and  pancreas  as  the  result  of  treating  ani- 
mals with  the  respective  nucleoproteids  of  these  organs.  As  one 
of  us*  had  previously  made  a  somewhat  extensive  study  of  cyto- 
toxic sera  prepared  by  the  injection  of  various  somatic  cells, 
and  had  reached  conclusions  which  did  not  justify  the  views  then 
current  concerning  the  specificity  of  these  bodies,  it  seemed 
advisable,  in  view  of  Beebe's  very  definite  results,  to  further 
pursue  these  studies. 

The  Development  of  Our  Knowledge  of  the  Cytotoxins. 

It  may  not  be  out  of  place  to  interpolate  here  a  few  words  concerning 
the  very  definite  change  in  opinion  which  has  occurred  during  the  past 
few  years  concerning  the  specificity  of  the  cytotoxins.  Shortly  after  the 
early  publications  of  Ehrlich  and  his  associates  concerning  the  production 
of  immune  hemolysin,  a  vast  number  of  publications  describing  specific 
sera  for  practically  all  cells  of  the  body  appeared  in  rapid  succession.  In 
most  of  these  studies  an  attempt  was  made  to  demonstrate  a  specificity 
according  to  morphological  rather  than  receptorial  affinity  in  disregard 
of  the  very  clear  and  definite  statement  of  Ehrlich  and  Morgenroth. 
Those  who  denied  a  morphological  specificity  based  their  opinion  on  the 
observation  that  by  the  injection  of  cells,  as  those  of  the  testicle,  appar- 
ently free  from  blood,  there  resulted  not  only  an  antiserum  for  these  cells, 
but  also  an  hemolysin.  This  was  explained  by  those  who  believed  in 
morphological  specificity  by  assuming  that  a  number  of  red  blood  cor^ 
pusdes,  sufficient  to  produce  a  hemolysin,  had  been  injected  with  the 
semen.  Later,  however,  the  production  by  a  large  number  of  investigators 
of  hemolysin  by  the  injection  of  fluids  entirely  free  from  red  corpuscles* 
as  serum  and  urine,  demonstrated  the  production  of  antibodies  from  free 

*  Conducted  under  a  grant  from  the  Rockefeller  Inetitttte  for  Medical  Reiearch.  Read 
befora  the  Section  in  Pathology  of  the  British  Medical  AMOciation.  Toronto.  August  ti 
1906.    Publldied  atoo  in  Jam.  Inhd.  Dis.,  1906  iU,  749. 
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receptors  and  firmly  established  Morgenroth's  contention  that  specificity 
is  a  matter,  not  of  cells,  bnt  of  receptors.  Despite  these  very  conclusive 
demonstrations  later  investigators,  who  attempted  to  produce  antisera  for 
the  cells  of  various  oi^^ns,  continued  to  use  emubions  of  unwashed 
organs  in  utter  disregard  of  the  presence  of  free  receptors  in  the  organ 
juices  and  also  without  consideration  of  the  antibodies  certain  to  be  pro- 
duced by  the  red  cells  normally  present.  That  sera  so  produced  possessed 
very  definite  hemolytic  and  hemagglutinative  properties  capable  of  produc- 
ing lesions  (hemoglobinuria,  thrombosis,  liver  necroses)  which  might 
erroneously  be  ascribed  to  the  supposedly  specific  body  was  first  suggested 
by  Pearce'  in  a  study  of  nephrotoxins  and  later*  definitely  demonstrated 
by  a  study  of  the  action  of  sera  prepared  from  the  liver,  kidney,  pancreas, 
and  adrenals  completely  freed  from  blood  by  prolonged  washing  through 
the  blood  vessels.  Further,  the  study  of  sera  so  prepared  and  also  of  sera 
resulting  from  the  injection  of  blood  serum,  bile,  and  urine,  led  to  the 
condnsion  that  "the  cells  of  various  organs  of  the  body  have,  while 
differing  in  morphc^ogy  and  function,  certain  receptor  characteristics  in 
commoni  and  that  one  type  of  cell  may  therefore  produce  antibodies  affect- 
ing several  cells  of  differing  morphology  but  with  like  receptor  groups." 
Specificity  in  the  morphological  sense  could  not  be  demonstrated. 

Other  investigations  with  sera  prepared  from  washed  organs,  especially 
tho9t  of  Portts*  (antithyroid  serum)  and  Woltnunn'  also  indkate  die 
aon-specificity  of  the  cylotoxins. 

Hius,  while  the  study  of  the  cytotoxins  has  aided  and  may  still  aid  in 
the  development  of  our  knowledge  of  inununity  and  has  incidentally 
offered  several  valuable  methods  of  experimentally  reproducing  pathologi- 
cal conditions,  it  is  evident  that  the  sera  produced  by  the  injection  of 
mixtures  of  organ  cells  have  not  a  degree  of  specificity  sufficient  to  war- 
rant their  further  study  in  the  hope  of  developing  therapeutic  methods. 

Immunization  to  Nucleoproteids. 

In  order  to  prevent  the  adventitious  formation  of  those  bodies  resulting 
Itom  impure  methods  of  immunization  and  also  in  the  hope  of  obtaining 
greater  specificity,  a  few  investigators  have  utilized  the  proleid  constituents 
<il  Hie  cell. 

Such  attempts  to  produce  antisera  for  somatic  cells  are  limited,  so  far 
as  we  are  aware,  to  those  made  by  Marrassini,*  Bierry'  and  his  associates, 
aii4  by  Beebe.  Of  these  studies  the  most  comprehensive  and  most  recent 
is  that  of  Beebe. 

Marrassini,  working  with  the  rabbit  and  guinea-pig,  studied  the  effect 
of  serum  prepared  by  injecting  rabbit's  liver  nucleoproteid.  Tlie  changes 
resulting  were,  in  general,  degenerative  in  nature  and  similar  to  those 
caused  by  direct  injection  of  the  nucleoproteid  itself,  but  usually  more 
severe.  The  serum  affected  not  only  the  organ  for  which  it  would  be 
assumed  it  had  an  affinity,  but  also,  to  a  greater  extent,  the  kidney. 
liarrassini  concludes  that  the  action  of  a  cytotoxin  is  of  tie  same  nature 
as  that  of  other  poisons  of  general  action,  such  as  potassium  chromate, 
vinylamin,  and  pyrogallic  acid,  which  are  predisposed  to  affect  more 
especially  the  excretory  organs. 
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The  experiments  of  Bierry  and  his  associates  are  few  in  number  and 
reported  but  meagerly.  In  the  first  communication  Bierry  describes  the 
action  of  a  serum  prepared  by  injecting  rabbits  with  the  nucleoproteids 
•f  the  dog's  kidney.  The  injection  of  20  to  24  cc  of  the  serum  into 
the  peritoneal  cavity  of  a  dog  weighmg  12  to  15  kilos  caused,  after 
three  or  four  days,  an  albuminuria  which  reached  its  maximum  on  the 
10th  to  the  15th  day.  The  number  of  experiments  is  Hot  stated,  but 
mention  is  made  of  one  dog  in  which  an  albuminuria  persisted  for  one 
and  a  half  months. 

Later  in  association  with  Pettit,  Bierry  made  a  comparison  between 
the  action  of  liver  and  kidney  nucleoproteid  sera.  Each  was  found  to 
cause  albuminuria  and  degenerative  changes  in  both  liver  and  kidney, 
but  the  kidney  serum  produced  a  more  severe  albuminuria  and  more 
marked  histological  changes  in  the  kidney  than  did  the  liver  serum.  The 
lesions  of  the  kidney  are  described  as  interstitial  hemorrhage,  congestion 
of  the  glomeruli,  and  granular  degeneration  of  the  cells  of  the  tubules 
with  granular  tube  casts;  and  those  of  the  liver  as  congestion  and 
granular  and  vacuolar  degeneration.  The  authors  concluded  that  the 
aotkm  of  such  sera  is  more  energetic  upon  the  organ'  from  which  the 
nvcleoproteid  is  derived,  but  that  there  is  also  a  definite  action  on  other 
organs. 

In  the  third  investigation  Bierry,  assisted  by  Mayer,  made  a  special 
study  of  the  urine  of  dogs  receiving  a  liver  nucleoproteid  serum.  They 
krand  biliary  pigments,  lactic  acid,  and  homogentisic  acid  and  demou- 
strated  that,  in  some  instances,  the  urine  had  a  marked  reducing  power 
not  due  to  the  presence  of  dextrose.  By  various  experiments  they  were 
able  to  produce  a  condition  which  they  considered  analogous  to  alimentary 
glycosuria  and  due  to  the  changes  produced  in  the  liver  by  the  serum. 
The  histological  changes  in  the  liver  were  those  of  granular  degeneration 
and  fatty  transformation.  The  kidney  and  pancreas  were  normal.  Albu- 
■imuria  occurred  in  two  animals,  but  was  slight  and  transitory.  These 
results  appear  to  contradict  those  given  by  Bierry  and  Pettit  in  the  earlier 
eommunication. 

Beebe  prepared  a  serum  by  injecting  thymus  nucleohiston  of  the  calf 
which  gave  precipitin  tests  for  both  nucleohiston  and  nucleoproteid  of 
the  thymus.  The  more  important  sera  were  those  prepared  by  treating 
rabbits  with  the  nucleoproteids  of  the  iiver,  kidney,  and  pancreas  of  the 
dog.  These  all  gave  definite  precipitin  tests  with  their  respective  nucleo- 
proteids and  caused  agglutination  of  cell  mixtures,  but  had  no  lytic  action 
upon  the  same.  They  were  all  markedly  hemolytic  and  hemagglutinative 
in  viiro  in  dilution  up  to  one  to  five,  but  did  not  cause  hemoglobinuria 
when  injected  into  animals. 

In  testing  their  cytotoxic  action  in  vivo  intraperitoneal  injections  of 
2  cc.  per  kilo  of  body  weight  were  usually  employed.  The  kidney  serum 
caused  albuminuria  and  acute  degeneration  of  the  kidney  without  changes 
in  other  organs.  Albuminuria  appeared  generally  on  the  fourth  or  fifth 
day,  increased  in  amount  rapidly  and  was  accompanied  by  the  excretion 
of  abundant  hyaline  and  granular  casts. 
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The  liver  serum  caused  granular  and  fatty  changes  and  focal  necroses 
of  the  liver  with  no  changes  in  other  organs  or  in  the  urine. 

The  urine  of  animals  receiving  pancreas  serum  caused  what  Beebe 
considers  a  partial  reduction  of  Fehling's  solution— "  the  formation  of  an 
abtmdant  green  precipitate,  but  not  the  typical  red  deposit  of  cuprous 
oxide."  Albuminuria  did  not  occur.  Histological  examination  of  the 
liver,  Iddney,  and  spleen  revealed  ho  changes;  a  study  of  the  pancreas 
was  impossible  on  account  of  imperfect  fixation. 

The  results  of  these  experiments  (five  with  nephrotoxin,  three  with 
hepatotoxin  and  two  with  pancreas '  antiserum)  provide,  Beebe  states, 
"  strong  indications  that  cytotoxic  sera  having  a  high  degree  of  spedfktty 
can  be  prepared  from  the  nudeoproteids  of  tissues,"  and  that  it  is 
possible  "to  make  a  serum  which  will  act  primarily  on  one  organ." 
Further  comment  on  the  work  of  Beebe  will  be  made  in  the  discussion 
of  our  own  results. 

Methods. 

As  the  amount  of  detail  involved  in  work  of  this  character  is  very 
great,  it  was  considered  advisable  to  limit  our  investigation  to  the  study 
of  two  sera  rather  than  to  a  superficial  study  of  several.  As  physiological 
disturbances  are  the  most  satisfactory  indications  of  the  injurious  action 
of  a  serum,  andsera  were  prepared  for  the  kidney  and  pancreas.  The 
experience  of  practically  all  investigators  that  nephrotoxin  is  more  nearly 
specific  than  other  sera  and  the  statements  of  Bierry  and  Mayer  and 
that  of  Beebe  concerning  reducing  substances  in  the  urine  also  influenced 
this  decision. 

Rabbits,  in  grouj>s  of  three,  received  in  the  peritoneal  cavity  five  injec^ 
tions  of  the  nudeoproteids  of  the  dog's  kidney  and  pancreas  at  intervals 
of  five  to  seven  days ;  after  an  interval  of  ten  days  the  animals  were  bled. 
The  serum  thus  produced  was  injected  intravenously  into  dogs  which 
had  been  under  observation  for  considerable  periods  of  time  and  the 
urine  of  which  had  been  carefully  examined  daily. 

As  a  control  of  the  supposedly  specific  nucleoproteid  sera,  in  order  to 
determine  if  nucleoproteid  serum  may  not  have  a  general  toxic  action  on 
animals  other  than  that  from  which  the  nudeoproteid  was  prepared, 
rabbits  were  injected  with  the  nudeoproteid*  of  the  pancreas  of  the 
cow  and  the  effect  of  this  serum  was  tried  on  the  dog. 

As  a  further  control,  and  in  order  to  determine  also  whether  or  not 
antisera  for  nucleic  acids  could  be  obtained,  rabbits  were  injected  with  the 
nucleic  adds  of  the  dog^s  pancreas  and  kidney. 

The  preparation  of  the  nudeoproteids. — In  the  preparation  of  the  nudeo- 
proteids we  have  employed  one  of  the  methods  recommended  by  Levene. 
This  seemed  particularly  advantageous  for  two  reasons.  In  the  first 
place  the  heating  of  the  glands  to  the  boiling-point  effectually  eliminates 
all  possibility  of  future  autolysis,  while  on  the  other  hand,  the  increased 
ease  with  which  the  solutions  filter  decreases  the  time  of  preparation. 
We  are  fully  aware  that  the  various  ntideoprotdds  respond  with  different 

*  For  this  material  we  with  to  thank  Profeator  J.  A.  Mandel,  of  the  University  and 
BeUevue  Hospital  Medical  School. 
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degrees  of  ease  to  extraction,  but  the  point  we  had  in  view  was  not  to 
obtain  the  maximum  yield  of  material,  but  to  endeavor  to  produce  in 
the  shortest  time  the  purest  product  possible. 

Emphasis  must  be  laid  upon  the  fact  that  only  blood-free  organs  were 
employed.  In  this  direction  extreme  care  was  exercised  since  the  exclu- 
sion of  all  proteids  of  blood  origin  must  be  of  prime  importance  where 
specific  gland  products  stand  in  question.  By  inserting  a  cannula  into  the 
aorta  below  the  renal  arteries  and  laying  a  ligature  above  the  coeliac  axis, 

an  irrigation  of  ^    NaCl  solution  was  established  by  means  of  which  the 

blood  was  thoroughly  removed  from  the  organs.  The  blood-free  organs 
immediately  removed  from  the  animal  and  cut  into  fine  pieces  were 
pressed  with  a  mortar  and  pestle  through  a  fine-mesh  sieve  and  the  finely 
comminuted  material  mixed  with  from  two  to  four  times  its  weight  of 
water.  The  gland  in  suspension  was  then  brought  to  the  boiling-point 
in  an  Erlenmeyer  fiask  of  appropriate  size.  After  allowing  the  mixture 
to  cool  it  was  quickly  filtered  through  a  double-folded  filter.  The  first 
few  cubic  centimeters  of  filtrate,  invariably  turbid,  were  thrown  on  the 
filter  again  until  a  dear  fluid  resulted.  The  product  of  from  one  to  two 
hours'  filtration  might  be  said  roughly  to  correspond  to  the  amount 
employed  in  each  preparation.  To  this  was  then  added  acetic  acid  until 
complete  precipitation  resulted,  the  amount  necessary  varying  according 
to  the  kind  of  nudeoproteid.  Under  ordinary  circtunstances  the  nudeo- 
protdd  separated  out  as  a  fine  white  flocculent  precipitate;  only  once 
did  it  become  necessary  to  add  alcohol  to  bring  about  the  precipitation  of 
this  character.  This  predpitate  was  washed  with  distilled  water  by 
sedimentation  until  the  washings  did  not  respond  to  the  biuret  reaction. 
This  procedure  in  the  absence  of  a  centrifuge  such  as  that  described  by 
Beebe  was  accomplished  in  four  to  five  hours.  In  order  to  hasten  the 
process,  siphonage  of  the  supernatant  fluid  took  place  before  complete 
sedimentation  had  been  accomplished  even  at  the  risk  of  loss  of  material. 
The  material  was  then  suspended  in  water  and  put  into  solution  with  the 
smallest  possible  amotmt  of  sodium  carbonate;  the  resultant  solutkMi 
when  filtered  gave  a  dear  filtrate  which  was  repredpitated  with  acetic 
add,  washed  several  times  by  decantation,  and  dehydrated  with  alcohol 
and  ether.  The  products  were  white  powders.  That  derived  from  the 
pancreas  contained  1.74  per  cent  P;    from  the  kidney  2.10  per  cent  P. 

Just  previous  to  each  injection  the  required  amount  of  the  powder  was 
weighed  out  and  dissolved  in  an  appropriate  amotmt  of  sterilized  0.5  per 
cent  sodium  carbonate  into  which  solvent  it  passed  readily. 

It  seemed  to  us  distinctly  disadvantageous  that  the  substance  should  be 
kept  in  solution  for  any  length  of  time  even  by  employing  cold  or  anti- 
septics as  precautions  against  autolysis  or  bacterial  action.  That  changes 
of  a  certain  diaracter  do  take  place  under  such  circumstances  is  evidenced 
by  the  fact  that  Beebe  noticed  that  a  fine  deposit  settled  out  in  his 
solutions  after  some  weeks.  In  only  one  instance  in  our  investigatkxi 
was  the  injection  made  later  than  a  few  hours  after  preparation  of  the 
sohition.  It  would  be  hard  to  give  absolute  figures  of  the  actual  time 
consumed  in   the  preparation   of  the  various  products.    Exduding  the 
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period  of  cooling  over  night,  when  the  gland  stood  in  a  condition  free 
ixom  the  possibility  of  autolysis,  the  procedure  occupied  15  hours,  most 
of  which  time,  however,  the  material  was  suspended  in  water.  This 
period,  especially  in  view  of  the  fact  of  the  initial  stoppage  of  autolysis, 
would  not  allow  sufficient  time  for  change  of  the  character  so  guarded 
against  by  Beebe.  In  our  opinion  this  precaution  is  undoubtedly  neces- 
sary, but  not  of  the  extreme  importance  assumed  by  him.  The  freedona 
of  the  products  from  blood  or  protoplasmic  proteid  impurities  would  seem 
to  be  the  goal  for  which  to  aim. 

If,  with  Kossel,  we  assume  that  the  present  nucleoproteids  or  nucleins 
are  in  part  laboratory  products  not  originally  present  in  .  the  cell  but 
formed  in  the  process  of  the  separation,  the  proteid  moiety  of  the  com- 
pound must  be  derived  from  protoplasmic  substance  as  distinct  from  the 
chromatin,  but  not  necessarily  different  from  the  cell  proteids  (globulins 
or  albumins).  If  such  is  the  case  the  question  as  to  the  specificity  of 
andeoproteids  as  such  roust  be  ruled  out  and  the  proper  direction  to 
tfaiB  investigation  would  be  to  attempt  to  prqiare  antibodies  from  various 
eell-proteids  or  nucleic  acids  prepared  as  pure  as  possible.  The  former 
point  we  still  have  in  mind.  As  Beebe  states,  from  the  analysis  of  his 
pr^arations  it  is  evident  that  the  products  employed  by  him  are  not 
true  nucleoproteids  but  nudeins,  and  the  molecule  of  the  so-called  -protdn 
nudeate  possesses  relativdy  less  of  the  proteid  and  more  of  the  nndeic 
add  radical.  He  also  mentions  that  the  color  protdd  reactions  were 
given  in  only  a  feeble  way.  Certainly  it  would  seem  that  the  results 
obtained  by  the  use  of  sudi  products  should  be  ascribed  more  probably 
to  the  nucleic  add  than  to  the  proteid  radicals. 

The  products  prepared  by  us  contained  less  phosphorus  than  his,  point- 
ing to  a  higher  protdd  content,  and  gave  characteristic  results  when  tested 
with  Millons,  biuret,  Adamldewicz,  and  Molisdi  reactions.  These  reac- 
tions could  not  be  ascribable  to  cell-globulins,  whidi  were  removed  in  the 
pcocess  of  preparation. 

It  seems  rather  dangerous  to  draw  conclusions  as  to  the  intravenous 
dotting  obtained  when  products  prepared  from  organs  containing  blood 
are  injected  in  the  blood  stream.  The  possibility  is  always  at  band  of 
die  presence  of  fibrin  ferment,  dirombin,  nudeohiston,  or  whatever  may 
be  the  agent  active  in  setting  about  the  changes  which  result  in  the 
formation  of  fibrin  in  the  blood.  It  is,  we  think,  at  present  questionable 
whether  it  has  yet  been  definitdy  shown  diat  nudeoprotdd,  absolutdy 
free  from  contamination  of  blood  in  the  general  sense,  will  cause  intra- 
venous clotting. 

The  preparation  of  the  nucleic  acids,— The  method  employed  for  the 
preparation  of  the  nucleic  adds  from  the  pancreas  and  the  kidney  of  the 
dog  was  essentially  that  of  Levene.  The  finely  comminuted  gland  was 
boiled  for  two  hours  in  a  5  per  cent  solution  of  sodium  chloride  after 
which  sodium  acetate  in  the  proportion  of  7  per  cent  of  the  weight  of  the 
fresh  glands  was  added  and  the  mixture  allowed  to  cool  Sodium 
hydroxide  was  next  added  in  excess  and  the  material  aUowed  to  stand 
over  night.  After  the  reduction  of  the  greater  part  of  the  alkalinity  with 
aeetic  acid  the  faintly  alkaline  mixture  was  precipitated  with  an  excess 
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of  picric  acid  aiid  acetic  acid  carefully  added  until  a  well-formed  flocculetit 
precipitate  settled  out.  This  filtered  quickly.  The  amount  of  acetic  acid 
necessary  at  this  point  varies  according  to  the  kind  of  nucleic  acid.  The 
proteid-free  filtrate  was  next  thrown  in  a  large  volume  of  95  per  cent 
alcohol,  and  alk>wed  to  stand  until  the  nucleic  acid  settled  out  The 
major  part  of  the  alcohol  could,  be  removed  by  siphonage  and  the  pre- 
cipitate collected  on  paper.  The  precipitate  was  again  dissolved  in  aUcali 
in  the  presence  of  sodium  acetate  and  acidulated  with  acetic  acid  A 
slight  precipitate  was  filtered  off.  To  the  filtrate  saturated  with  sodium 
chloride  was  added  hydrochloric  acid  until  the  mixture  reacted  acid  to 
Congo  red  when  an  equal  volume  of  alcohol  was  added.  This  precipitate 
showed  itself  to  be  biuret  free  and  was  dehydrated  with  alcohol  and 
ether.  The  products  contained  from  8  to  9  per  cent  phosphorus.  As  was 
the  case  with  the  nucleoproteids,  the  necessary  amount  of  the  substance 
was  dissolved  in  an  appropriate  amount  of  0.5  per  cent  sodium  carbonate 
and  injected  within  a  few  hours  after  preparation. 

Detail  of  Experiments  and  Results. 

Ill  all  instances  the  dogs  received  in  a  small  branch  of  the 
femoral  vein  a  uniform  dose  of  2  c.c.  of  sentm  per  kilo  of  body 
weight.  The  injections  were  made  under  light  ether  anesthesia 
and  the  experiment  terminated  by  bleeding  from  the  femoral 
artery  under  light  chloroform  anesthesia.  In  each  group  animals 
were  killed  at  intervals  of  four,  eight  and  ten  days.  Five  animals 
received  dog's  kidney  nucleoproteid  serum  ;*  five,  dog's  pancreas 
nuclec^roteid  serum ;  four,  cow's  pancreas  nucleoproteid  serum ; 
three,  dog's  kidney  nucleic  acid  serum ;  and  three,  dog's  pancreas 
nucleic  acid  serum. 

Histology. — In  no  instance  did  postmortem  examination  reveal 
definite  macroscopic  lesions.  The  histological  study  was  limited 
to  the  kidney,  pancreas,  and  liver.  Tissues  were  fixed  in  formalin 
and  in  Zenker's  fluid ;  the  former  were  examined  for  fat  by  the 
frozen  section  and  Scharlach  R  method,  the  latter  were  embedded 
in  celloidin  and  stained  by  hematoxylin  and  eosin.  Fatty  changes 
were  not  constant,  and,  when  present,  of  but  slight  degree.  In 
the  kidney  nucleoproteid  series,  fatty  changes  were  found  in  the 
kidney  series  once  (loth  day)  and  in  no  otlier  organ.  In  the 
dog^s  pancreas  nucleoproteid  series  very  slight  fatty  changes  were 
found  in  three — in  one,  in  liver,  kidney  and  pancreas ;  in  one,  in 
liver  and  kidney;  in  the  third,  in  kidney  only.    The  cow's  pan- 

*  In  prepAring  the  variotts  sera,  the  avenge  amotmt  of  dog's  Iddney  nucleoproteid  to 
each  injection  was  0.1 1  gram;  of  the  dog's  pancreas  nucleoproteid.  0.13  gram;  of  the 
oow*8  pancreas  nudeoproteid.  0.15  gram;  of  the  dog's  kidney  nucleic  add,  o.as  gram;  and 
of  the  dog's  pancreas  nudeic  add,  o.tx  gram. 
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creas  series  gave  negative  results  by  this  method.  On  the  other 
hand,  in  the  nucleic  acid  series  fatty  changes  in  the  kidney  were 
constant  and  well  marked,  affecting  uniformly  the  loops  of  Henle. 
All  the  other  organs  were  negative  except  for  slight  changes  in 
the  liver  in  one  animal  of  the  kidney  nucleic  acid  series. 

In  the  study  of  the  Zenker  hardened  material,  in  no  instance 
were  changes  in  the  pancreas  found.  The. liver,  although  devoid 
of  well-marked  lesions,  such  as  necrosis,  almost  constantly  exhib- 
ited a  peculiar  change  affecting  all  parts  of  the  organ.  This 
condition,  which  has  been  noted  frequently  by  one  of  us  as  the 
result  of  the  injection  of  various  cjrtotoxins,  and  .which  unques- 
tionably is  that  described  by  other  investigators  as  a  granular, 
vacuolar,  or  fatty  degeneration  is  characterized  by  a  swollen, 
pale,  "  washed-out "  appearance  of  the  liver  cells  with  a  few 
large,  coarse  granules  and  large  irregular  pale  areas  which  stain 
but  faintly  or  not  at  all.  The  latter  areas  are  not  of  the  char- 
acter of  fat  vacuoles,  but  more  irregular,  vary  considerably  in 
size,  and  have  no  definite  relation  to  the  nucleus.  The  appear- 
ance is  similar  to  that  of  liver  cells  containing  glycogen,  and  as 
the  same  condition  in  marked  degree  was  found  in  the  adrenal, 
we  are  inclined  to  consider  it  as  an  abnormal  accumulation  of 
glycogen.  Unfortunately  this  explanation  did  not  occur  to  us 
until  near  the  close  of  our  experiments  and  proper  routine  tests 
were  not  made.  Upon  the  basis  of  a  single  attempt  to  isolate 
the  glycogen  from  the  last  dog  of  the  kidney  nucleic  acid  series, 
it  can  be  stated,  however,  that  a  greatly  increased  amount  of 
glycogen  was  present.  This  was  determined  by  extracting  the 
finely  divided  gland  with  hot  water  and  filtering.  The  filtrate 
appeared  milky  white,  gave  the  iodine  reaction  for  the  glycogen, 
which  could  be  precipitated  with  alcohol  at  65  per  cent.  No 
particular  haste  was  employed  in  getting  the  organ  into  boiling 
wkter  and  the  fact  that  the  glycogen  remained  so  long  post- 
mortem points  either  to  a  large  excess  of  the  compound  or  per- 
haps to  the  absence  or  great  diminution  during  life  of  the  enzyme 
in  the  liver  which  transforms  the  glycogen. 

The  changes  in  the  kidney  were  purely  degenerative  in  char- 
acter, of  slight  degree,  and  almost  constantly  present.  The  cells 
of  the  tubules,  especially  of  the  convoluted  tubules,  were  swollen 
and  very  granular  with  more  or  less  definite  reticulum.  As  a 
rule  the  nucleus  could  be  readily  seen,  but  in  the  more  marked 
conditions   it   stained   poorly.     Rarely   the   entire   lining   of   a 
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tubule  could  be  seen  separated  from  its  basement  membrane  and 
lying  free  in  the  lumen  as  a  poorly  straining  granular  ring. 
In  addition  to  these  changes  the  tubules  of  the  cortex,  and  less 
frequently,  the  straight  tubules  contained  the  finely  granular 
reticulum  so  commonly  associated  with  the  milder  disturbances 
of  the  kidney.  In  the  straight  tubules  this  material  was  often 
so  compressed  as  to  suggest  finely  granular  casts,  but  definite 
casts  were  found  but  twice  and  only  in  the  kidney  nucleoproteid 
series.  In  the  collecting  tubules  and  especially  in  the  loops  of 
Henle,  in  some  instances,  a  more  or  less  marked  vacuolization 
was  present  corresponding  to  the  fatty  change  determined  by 
the  use  of  Scharlach  R.  In  no  kidney  were  glomerular  changes 
found. 

It  is  difficult  to  distinguish  sharply  between  the  types  of  kidney 
lesions  caused  by  the  different  sera.  In  general  the  changes  due 
to  nucleoproteid  sera  were  more  severe  and  widespread  than  those 
due  to  the  nucleic  acid  sera.  The  latter  were  characterized  by  a 
greater  degree  of  fatty  change  and  by  a  tendency  to  involve  the 
loops  of  Henle  rather  than  the  convoluted  tubules.  If  the  pres- 
ence of  casts  be  taken  as  a  criterion  the  lesions  due  to  the  dog's 
kidney  nucleoproteid  must  be  judged  the  most  severe.  It  is  a 
matter  of  considerable  importance  that  the  cow  pancreas  serum, 
in  no  sense  specific,  caused  lesions  in  the  kidney  not  to  be  dis- 
tinguished from  those  due  to  other  sera. 

Examination  of  the  urine, — ^The  animals,  fed  on  dog  biscuit, 
were  kept  in  cages  suitable  for  the  collection  of  their  urine.  This 
was  examined  daily  for  proteids  and  reducing  carbohydrates. 
The  clear  filtrated  urine  was  heated  to  boiling  and  the  merest 
trace  of  acetic  acid  added.  This  indicated  in  a  roughly  quanti- 
tative way  the  amount  of  coagulable  proteids  (albtimin  and  globu- 
lin) present.  It  is  almost  a  constant  occurrence  to  find  traces  of 
such  appearing  at  variable  and  irregular  times  in  dog's  urine.  By 
traces  we  mean,  that  upon  the  addition  of  acetic  acid  a  faint  tur- 
bidity appears,  which  is  in  no  sense  a  precipitate,  but  which  in 
the  course  of  24  hours  settles  out  at  the  bottom  of  the  tube  as  a 
small  light  fluflfy  cloud.  A  second  portion  was  tested  with  potas- 
siimi  ferrocyanide  and  acetic  acid.  The  clear  urine  acidulated 
with  the  acid  was  treated  with  one  drop  of  the  dilute  reagent. 
It  was  the  unusual  occurrence  to  find  this  test  absolutely  negative 
in  the  dogs  under  examination  in  this  series  of  experiments  and 
this  result  has  been  confirmed  in  the  examination  of  many  of  the 
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urines  of  other  animals  at  different  times.  The  urine  of  dogs, 
concentrated  as  it  is  in  the  passage  of  an  excessively  long  system 
of  tubules,  carries  down  with  it  from  the  collecting  tubules  not 
inconsiderable  quantities  of  proteids  of  the  mucin  and  nucleo- 
albumin  type,  which  show  themselves  by  the  latter  test.  At 
times  the  result  of  this  reaction  amounted  to  a  definite  flocculent 
precipitate.  With  the  possible  exception  of  the  urines  of  two  of 
our  dogs  injected  with  kidney  nucleoproteid  anti-serum  we  feel 
assured  that  at  no  time  did  our  tests  give  evidence  of  an  excre- 
tion of  proteid  which  could  in  any  sense  quantitatively  or  quali- 
tatively be  ascribed  to  changes  in  the  kidney. 

In  the  case  of  Dog  14  injected  on  May  20  the  urine  collected 
on  the  24th  showed  with  heat  and  with  potassium  ferrocyanide 
a  decided  flocculent  precipitate  which  would  be  called  a  positive 
reaction.  The  same  is  true  for  Dog  15  injected  on  the  same 
day,  the  urine  reacting  positively  to  both  tests  on  the  25th. 
Other  than  these,  no  results  were  obtained  which  would  compare 
in  any  way  to  that  described  by  Beebe,  where  53  per  cent  of  the 
urinary  nitrogen  appeared  in  the  form  of  albumin.  The  quantity 
of  proteid  in  the  cases  cited  was  so  small  that  no  attempt  was 
made  to  determine  whether  it  was  an  albumin  or  globulin.  At 
no  time  were  casts  obtained  in  the  urine,  but  upon  histological 
examination  of  the  kidney  of  Dog  15  as  in  one  other  dog  (17) 
of  this  series,  a  few  hyaline  casts  were  seen  in  the  tubules. 

In  a  paper  read  this  year  before  the  American  Medical  Asso- 
ciation by  Robertson  and  Hacker,  and  based  upon  work  done  in 
this  Laboratory,  attention  was  called  to  the  frequent  appearance 
in  human  urines  tested  by  Fehling  test  solutions,  of  a  yellowish- 
green  coloration  which  varies  in  intensity  from  the  merest  opales- 
cence to  a  definite,  finely  divided  precipitate  which  in  the  course 
of  some  hours  settles  out  slowly  to  the  bottom  of  the  tube.  It 
was  then  stated  that  this  reaction  is  the  result  of  the  addition  of 
too  much  urine  in  performing  the  test  and  must  undoubtedly  be 
ascribed  to  the  presence  in  the  urine  at  times  of  some  weakly 
reducing  compounds  capable  in  large  quantities  of  partially 
reducing  copper  solutions.  This  pseudo-reaction  never  occurs 
when  there  is  employed  a  small  amount  of  urine,  sufficient,  how- 
ever, to  show  dextrose  if  present.  In  testing  tlie  urine  of  dogs 
these  remarks  are  extremely  to  the  point.  When  10  or  more 
drops  of  the  filtered  dog's  urine  were  added  to  the  two  or  three 
times  diluted  and  boiling  Fehling's   solution  and   the  mixture 
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boiled  a  few  seconds,  it  was  not  at  all  uncommon  to  notice  in  a 
few  moments  the  appearance  of  a  greenish-yellowish  haze  which 
gradually  became  more  opalescent  and  opaque  and  which,  in 
extreme  cases,  might  resolve  itself  into  a  greenish  or  yellowish 
precipitate  settling  to  the  bottcxn  of  the  tube,  sometimes  imme- 
diately, or,  more  frequently,  if  left  standing,  over  night.  This 
reduction  is  not  due  to  dextrose ;  the  urine  showed  no  diflFerence 
before  or  after  fermentation,  polariscopically ;  no  osazone  could 
be  obtained,  and  Nylandcr's  test  resulted  negatively.  If  on  the 
other  hand,  only  two  or  three  drops  of  the  urine  were  added  to 
the  diluted  FehUng's  sdution  in  the  ordinary  way  and  not  boiled 
after  the  addition  of  the  urine  the  test  remained  negative.  All 
of  the  urines  tested  for  dextrose  in  the  latter  way,  during  the 
course  of  our  experiments,  showed  absolutely  negative  results, 
while  the  pseudo-reaction  was  obtained  more  or  less  irregularly 
in  16  of  the  20  dogs  studied.  In  our  opinion  this  pseudo-reaction 
has  no  direct  bearing  on  the  subject  under  discussion.  In  the 
case  of  one  dog  a  continued  pseudo-reaction  was  obtained  which 
could  be  explained  by  the  elimination  of  lactose  following  the 
removal  of  puppies  during  lactation.  The  negative  results  of 
Fehling^s  test  with  the  urine  of  this  animal  indicated  beautifully 
the  fact  contended  for  in  the  paper  alluded  to  above,  that  Feh- 
Ung's test  performed  as  there  advised  can  be  employed  without 
hesitation  as  a  criterion  for  the  presence  of  dextrose  as  against 
other  reducing  bodies.  In  none  of  the  urines  examined  in  these 
experiments  was  dextrose  present  in  amounts  which  could  be 
said  to  exceed  the  normal,  granting  that  traces  of  reducing  com- 
pounds, perhaps  dextrose,  do  appear  ordinarily. 

While  we  cannot  of  course  state  positively,  still  it  must  be 
granted  that  it  seems  extremely  likely  that  the  reduction  which 
Beebe  describes  as  a  "partial  reduction  of  FehUng's  solution" 
with  "  the  formation  of  an  abundant  green  precipitate  "  was  noth- 
ing more  or  less  than  the  pseudo-reduction  which  we  have  so 
frequently  observed  in  the  urines  of  normal  dogs.  As  the  man- 
ner in  which  his  tests  were  performed  or  semi-quantitative  details 
are  not  outlined,  such  explanations  must  be  classed  as  only  sug- 
gestive but  not  positive.  It  is  our  experience  that  the  urines  of 
the  dogs  injected  with  dog's  pancreas  nucleoproteid  antiserum 
show  no  different  character,  as  regards  the  content  of  reducing 
carbohydrates,  than  those  treated  with  any  of  the  other  sera. 
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Conclusions. 

In  so.  far  as  conclusions  from  so  small  a  number  of  ex|>eri- 
ments  are  justifiable,  our  results  do  not  support  the  theory  that 
q>ecific  cytotoxic  sera  may  be  developed  by  the  injection  of 
mideoproteids  but  indicate,  rather,  that  such  sera  have  certain 
mildly  toxic  properties  acting  in  a  general  way  and  affecting 
especially  the  principal  excretory  organ,  the  kidney.  In  this 
regard  we  are  in  accord  with  Marrassini  and  in  a  general  way 
with  Bierry  and  his  associates,  but  in  direct  conflict  with  Beebe's 
very  definite  statements. 

It  is  clearly  evident,  however,  that  Beebe's  claims  for  a  specific 
pancreas  serum  based  (Hi  the  demonstration  of  reducing  sub- 
stances in  the  urine,  especially  in  the  absence  of  histological 
changes  in  the  pancreas,  is  tmtenable  in  vi^w  of  our  experience 
with  like  reducing  substances  more  or  less  constantly  present  in 
the  urine  of  normal  dogs. 

We  can  make  no  definite  statement  concerning  nucleoproteid 
hepatotoxic  senun,  as  we  did  not  prepare  such,  but  it  is  difficult 
to  explain  the  focal  necrotic  lesions  of  the  liver,  caused  by 
Beebe's  hepatotoxin,  as  a  result  of  the  action  of  a  substance 
which  should,  presumably,  affect  the  liver  cells  more  diffusely. 
It  may  or  may  not  be  a  matter  of  importance  that  his  nudeo- 
proteids  were  prepared  from  organs  but  roughly  washed  in  run- 
ning water  and,  therefore,  especially  as  regards  the  liver,  con- 
taining large  amounts  of  blood.  That  a  very  toxic  nuclec^roteid 
may  be  obtained  from  red  blood  cells  is  well  known  and  it  is 
possible  that,  as  a  result,  Beebe's  serum  may  have  contained 
hemolysin  and  agglutinin  due  to  this  substance,  in  addition  to 
the  supposed  hepatotoxin,  in  sufficient  amount  to  cause  focal 
liver  necroses  through  agglutinative  thrombi,  as  has  previously 
been  described  by  one  of  us.® 

Beebe  states  that  all  his  sera  "  are  markedly  hemagglutinative 
and  hemolytic  m  vitro  in  dilution  up  to  one  to  five,  but  in  dilu- 
tion of  one  to  twenty  or  above  no  difference  is  to  be  detected 
between  the  immune  and  the  normal  serum."  The  hemolytic 
and  hemagglutinative  powers  of  our  nucleoproteid  sera  (the 
nucleic  acid  sera  were  not  tested)  were  much  weaker.  Thus 
the  dog's  pancreas  nucleoproteid  serum,  for  example,  had  very 
slight  power  to  hemolyze  or  agglutinate  red  cells.  Two  parts 
of  the  pure  serum  to  one  of  dog's  blood  caused  neither  hemolysis 
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nor  agglutination,  while  10  parts  were  required  to  cause  but  a 
faint  hemolysis ;  with  the  same  amount  a  very  definite  fine  agglu- 
tination was  evident  only  after  five  minutes.  It  would  appear, 
therefore,  by  comparison,  that  the  use  of  blood-free  organs  in 
the  preparation  of  nucleoproteid  sera  lead  to  the  production  of 
a  serum  less  hemotoxic  than  those  developed  by  the  use  of 
unwashed  organs.  Under  such  circumstances,  therefore,  it  is 
very  important  that  future  investigators  of  nucleoproteid  sera 
work  with  blood-free  tissues. 

The  changes  in  the  kidney  resulting  from  the  administration 
of  the  kidney  nucleoproteid  serum,  while  very  definite,  cannot 
be  considered  as  specific  or  even  "  special,"  for  similar  changes, 
often  of  the  same  grade,  characterized  the  action  of  all  other 
sera,  even  that  prepared  from  cow's  pancreas.  These  changes 
are,  therefore,  to  be  regarded  as  the  effect  of  the  excretion  of 
toxic  substances  rather  than  as  the  manifestation  of  a  selective 
action  of  the  serum.  It  must  be  admitted,  however,  that  it  is 
difficult  so  to  explain  the  severe  albuminuria  described  by  Beebe. 

Finally,  attention  must  once  more  be  called  to  the  importance, 
in  all  investigations  of  cytotoxic  sera,  of  the  use  of  blood-free 
organs,  to  the  occasional  occurrence  of  copper-reducing  com- 
pounds in  the  urine  of  apparently  normal  dogs,  to  the  not  infre- 
quent spontaneous  nephritis  in  these  animals,  and  to  the  possi- 
bility of  albuminuria  due  to  a  catheter  cystitis. 
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THE  CHEMISTRY  OF  ATHEROMA  AND 
CALCIFICATION  (AORTA).* 

By  LEON  K  BALDAUF,  U.  D., 

Instructor  in  Pathology  and  Bacteriology.  Albany  Medical  College. 
(From  th€  B*nd$r  Laboratory,  Albany,  N.  Y.) 

This  investigation  owes  its  inception  to  an  attempt  to  study 
by  micro-chemical  methods  the  sequence  of  the  changes  occur- 
ring in  the  experimental  lesions  produced  in  the  rabbit's  aorta 
by  the  administration  of  adrenalin.  As  however  micro-chemical 
methods  proved  unsatisfactory  and  analytical  methods  impossible, 
on  account  of  the  small  amount  of  substance  in  the  rabbit's 
aorta,  the  work,  as  originally  planned,  was  abandoned  in  favor 
of  a  study  by  analytical  methods  of  the  chemistry  of  the  various 
stages  of  arteriosclerosis  in  the  aorta  of  man.  The  studies  of 
Klotz,*  which  appeared  shortly  after  the  beginning  of  the  work, 
and  those  of  Wells,*  which  were  published  previous  to  its  con- 
clusion, are  so  recent  that  they  render  a  general  survey  of  the 
literature  of  calcification  imnecessary. 

As  this  work  has  to  do  mainly  with  the  relation  of  the  fatty 
acids  and  lecithin*  (phosphorus)  to  calcification,  the  results  of 
Klotz  and  Wells  have  a  very  important  relation  and  the  views 
of  these  investigators  may  be  briefly  stated  at  this  time.  Klotz 
employing  chiefly  micro-chemical  methods,  believes  he  has  dem- 
tonstrated  that  the  fatty  acids  play  an  important  part  in  calcifi- 
cation. In  a  few  qualitative  examinations  of  calcified  material 
•he  found  what  appeared  to  be  calcium  soaps.  These  observa- 
tions he  attempts  to  support  by  micro-chemical  studies  which, 
however,  are  not  convincing.  His  demonstration  of  soaps  depends 
on  a  peculiar  staining  with  Sudan  III,  of  calcium — ^principally 
upon  a  black  discoloration  with  an  aqueous  solution  of  silver 
nitrate  (Kossa's  stain).  The  occurrence  in  close  contact  of 
granules  staining  by  each  of  these  methods  is  taken  as  evidence 

*  Conducted  under  a  grant  from  the  Rockefeller  Institute  for  Medical  Research.  Pub- 
lished also  in  Jom.  Mod.  Rosoardi,  1906,  xv. 

'Klots.  O..  Studies  upon  Calcareous  Degeneration,  I.  The  Process  of  Pathological 
Calcification.  Jour.  Expor.  Mod.,  1905,  VII,  633. 

*Wbll8,  H.  0..  Pathological  Calcification.  Jofir.  Mod.  Rosoofch,  1906,  xiv,  491. 

*The  term  is  meant  to  include  all  kinds  of  lecithins  or  lecithans. 


Digitized  by  VjOOQ IC 


LEON    K.   BALOAUF  1 9 

of  the  presence  of  calcitim  soaps  and  the  conclusion  is  drawn 
that  the  formation  of  these  soaps  is  the  first  step  in  the  process 
of  calcification.  The  inaccuracy  of  this  method  of  investigation 
has  been  pointed  out  by  Wells,  who,  using  purely  analytical 
methods,  reaches  a  different  conclusion.  He  finds  there  is  no 
essential  difference  between  the  processes  of  normal  ossification 
and  pathological  calcification.  No  evidence  was  obtained  to 
indicate- that  calcium  soaps  form  a  constant  and  important  stage 
in  the  process  of  calcification.  That  they  may  be  present  in 
small  amotmts  is  not  denied.  His  experimental  studies  also 
speak  strongly  against  phosphoric  acid,  arising  from  decom- 
posed nucleoproteids,  as  an  important  binder  of  calcium. 

Material. — ^The  investigations  here  to  be  described  deal  with 
the  study  of  nine  aortas.  Of  these  three  were  normal,  two  were 
aortas  with  extensive  atheroma  but  no  macroscopic  evidence  of 
calcification,  and  four  showed  various  grades  of  calcification. 
One  of  these  latter  was  the  seat  also  of  large  "atheromatous 
ulcers."  As  several  of  the  points  studied  have  been  covered  by 
Wells'  recent  publication,  these  results  will  be  stated  but  briefly. 

Methods. — ^The  preparation  of  the  material  was  as  follows: 
The  entire  aorta  from  heart  to  division  of  the  iliacs  was  removed 
and  the  intima  and  media  carefully  separated  from  the  adventitia 
in  order  to  exclude  all  extraneous  fat.  The  material  was  now 
cut  into  small  pieces,  dried  in  absolute  alcohol  over  a  water  bath, 
ground  to  a  powder,  and  then  placed  in  a  flask  with  reflex  con- 
denser and  boiled  with  absolute  alcohol  for  periods  varying  from 
twenty-two  to  fifty-four  hours  and  afterwards  extracted  in  the 
Soxhlet  apparatus  for  from  nine  to  thirty-one  hours.  To  facili- 
tate extraction,  the  material  was  reground  every  twelve  to  fifteen 
hours  and  fresh  alcohol  added.  The  powdered  residue  was  now 
extracted  in  boiling  chloroform  from  twenty-two  to  thirty-four 
hours  and  in  the  Soxhlet  apparatus  seven  to  fourteen  hours.  The 
use  of  ethyl  ether,  which  was  one  of  the  solvents  first  employed 
had  to  be  discontinued  on  account  of  the  fact  that  ntunerous 
specimens  reacted  acid  to  phenolphthalein.  Since  this  indicator 
served  in  the  determination  of  the  fatty  acids,  a  neutral  solvent 
became  extremely  essential.  The  extractive  material  taken  up 
in  absolute  alcohol,  boiling  absolute  alcohol  and  chloroform  was 
in  each  case  entirely  soluble  in  these  solvents.  An  analysis  of 
the  extract  was  then  made  for  calcitun  soaps,  fatty  acids  and 
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lecithin  as  follows:  To  be  absolutely  certain  of  the  solubility 
of  calcium  soaps,  calcium  stearate  was  prepared  artificially.  It 
was  found  to  be  sparingly  soluble  in  cold  absolute  ethyl  alcohol* 
considerably  soluble  in  hot  absolute  ethyl  alcohol,  but  insoluUe 
in  chloroform.  According  to  .Wells,  "  calcium  oleate  is  less 
soluble  in  ether  than  in  alcohol  and  the  palmitate  and  stearate 
dissolve  very  little  in  ether,  although  ccMisiderably  in  ethyl  alcohol ; 
all  dissolve  much  better  in  amyl  alcohol,  probably  largely  because 
of  its  high  boiling  point."  According  to  the  method  of  extrac- 
tion, the  calcium  soaps  should  become  soluble  in  the  absolute 
alcohol  and  appear  in  the  extractive  material.  The  extracts 
were  tested  for  Ca  by  fusing  with  sodium  hydrate  and  potassium 
nitrate,  precipitating  with  ammonium  oxalate  and  weighing  as 
CaO.  The  fatty  acids  were  titrated  in  alcoholic  solution  with 
alcoholic  i!?  NaOH  using  phenolphthalein  as  indicator. 

lO 

Since  the  phosphorus  contained  in  the  alcohol-chloroform 
extracts  was  wholly  organic  in  character,  it  could  be  considered 
that  the  P-content  depended  upon  the  presence  of  some  form  of 
lecithin.^  The  PjOr  content  of  the  extracts  was  therefore  deter- 
mined by  fusion,  precipitation  with  molybdate  solution,  mag- 
nesium mixture  and  weighing  as  pyrophosphate  and  then  cal- 
culated as  distearyl  lecithin.  The  remainder  of  the  extractive 
material  was  estimated  as  neutral  fats.  The  residue,  remaining 
after  extraction,  was  examined  for  Ca,  Mg  and  P2O5  by  the 
wdinary  analytical  methods.  In  making  comparisons  with  other 
work,  however,  we  must  emphasize  the  fact  that  the  residue  of 
the  entire  aorta  was  used  and  not  n;ierely  isolated  calcified  areas. 

I  wish  here  to  express  my  indebtedness  to  Dr.  Holmes  C. 
Jackson,  Director  of  the  Laboratories  of  Physiological  Chemistry 
and  Experimental  Physiology  of  the  Albany  Medical  College, 
without  whose  instruction  and  supervision  this  investigation 
would  have  been  impossible. 

Results — /.  Calcium  soaps.  As  far  as  we  were  able  to  deter- 
mine, no  calcium  soaps,  or  only  mere  traces,  were  to  be  found 
in  normal  or  pathological  aortas.  This  was  definitely  shown  in 
the  following  manner.  Extracts  of  the  aortas  which  were  com- 
pletely soluble  in  absolute  alcohol  gave  no  reaction  for  calcium. 
Extracts,  with  supposed  calcium  content,  dissolved  in  chloroform 
without  leaving  a  trace  of  residue.  As  mentioned  before  the 
soap,  calcium  stearate,  is  insoluble  in  chloroform. 

>Di7KHam.  E.  K..  Procetdings  of  the  Sot.  for  Exp.  Biol,  and  Mtd.,  1904.  I.  39. 
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//.    Fatty   acids   and   Lecithin.    These    will    be    considered 
tc^ether. 

Normal  Aortas. 


===== 

DsiBD  Suistamc»--Pb»  Cbnt. 

Fatty  Extractivb— Pbr  Cbnt. 

CaO. 

Patty 
Extractive. 

Fatty 
Add. 

Lecithin. 

Neutral 
Pat. 

1 

X.4 

•3 

ao.3 
II. 9 

6.1 

i8.3 
16.3 
IS  9 

75.6 

#. •              .     .  • 

77 '97 

3 

77  -9^ 

The  surprisingly  large  percentage  of  lecithin  is  directly  in  line 
with  the  results  obtained  by  Dunham*  in  his  study  of  the  normal 
kidney.  He  found  that  twenty-seven  to  thirty-seven  per  cent  of 
the  fatty  extract  was  present  in  the  form  of  lecithin. 

Considering  now  the  degree  of  calcification  in  the  diseased 
aorta  (the  difference  in  calcification  can  be  determined  definitely 
by  difference  in  calcium  content  of  the  residue)  a  striking  rela- 
tionship of  the  fatty  acids,  and  especially  of  lecithin,  to  the  grade 
of  calcification  is  noticed.  This  is  shown  in  the  following  table 
in  which  the  analyses  are  arranged  according  to  the  calcium 
content;  the  last  two  being  those  in  which  no  calcification  was 
evident  macroscopically. 

Diseased    Aortas. 


DkIBD  SUBtTANCB — PbR  CBNT. 

Fattt  Extbactivb— Pbb  Cbnt. 

CaO. 

Fatty 
Extractive. 

Patty 
Add. 

Lecithin. 

Neutral 
Pat. 

II. 9 

at. 5 

30. 
as. 4 

1i 

9.4 

f.6 
13.9 
19.9 
ai.9 
ao.a 
as. I 

16.6 

19.06 

M.a 

ao.9 

37.9 

Sa.a 

73.8 

57. « 
41.9 
aa.7 

It  is  seen  that  the  fatty  acids  and  lecithin  are  present  in  greatest 
amount  in  the  atheromatous  aortas  without  gross  evidence  of  cal- 
cification and  that  as  the  calcium  content  increases  they  rapidly 
diminish  in  amount.  The  remarkable  increase  in  the  amount 
of  lecithin  and  fatty  acids  which  appears  at  the  initial  stage  of 
calcification  certainly  lends  evidence  to  the  fact  of  a  decided 
"  fatty  "  transformation  occurring  at  this  time.  The  fatty  acids 
and  lecithins  here  may  or  may  not  have  a  common  origin.  The 
parallelism  in  their  appearance  points  to  the  probability  that  they 

*  Loc.  ctt  p.  40. 
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do.  The  fact  that  lecithin  and  fatty  acids  may  arise  from  a  de- 
composition of  substances  of  the  "  protagon  "  type  which  Dun- 
ham has  shown  to  exist  in  surprisingly  large  amounts  in  the 
normal  cell  further  substantiates  this  idea.  The  second  stage  in 
the  fatty  transformation  consists  in  the  disappearance  of  the  leci- 
thin and  fatty  acids  coincident  with  the  increasing  calciimi  con- 
tent of  the  tissue.  The  fatty  acids  probably  react  with  the  alkalies 
furnished  by  the  blood  and  pass  out  of  the  cell  as  soluble  com- 
pounds. The  lecithin  undergoes  decomposition,  liberating  its 
phosphate  radical  which  serves  either  in  part  or  entirely  as  the 
conjugant  of  the  calcium. 

Ill — Neutral  Fats.  The  remainder  of  the  fatty  extractive 
was  calculated  as  neutral  fats.  The  results  are  shown  in  the 
above  table.  This  procedure  is  not  absolutely  correct,  since  nec- 
essarily numerous  lipoids  were  present;  for  example,  beautiful 
tests  for  cholesterin  were  obtained. 

IV — The  Residue.  Unfortunately,  it  was  impossible  to  examine 
only  calcified  areas  for  calcium,  phosphates  and  magnesiimi  and 
at  the  same  time  to  use  all  the  material  for  fat  analysis.  Instead, 
jlhe  residue  of  the  entire  aorta  was  used.  The  entire  PjOj  esti- 
mated was  considered  as  combining  with  MgO  and  CaO  to  form 
Mgs  (P04)2  and  Ca,  (PO4),.  The  remaining  CaO  was  esti- 
mated as  CaCO,.  In  the  aortas  of  lower  calcium  content,  there 
was  rdatively  a  small  quantity  of  Ca,  (PO4),  while  as  calcifica- 
tion proceeded,  the  proportion  of  calcium  phosphate  to  carbonate 
increased.  For  instance,  in  an  aorta  with  estimated  3.8  per  cent 
Ca  content,  the  relationship  between  the  Caj  (P04)2  and  CaCO,, 
was  as  69.5  to  25 ;  that  with  7.5  per  cent  Ca  content  as  74.7  to 
24.8;  and  that  with  11.9  per  cent  Ca  content,  as  79.9  to  19.9. 

As  the  calcification  proceeded,  however,  the  magnesiiun  con- 
tent decreased,  being  present  in  the  more  calcified  areas  as  o.i 
per  cent  and  0.32  per  cent. 

Comparisons.  Comparing  our  results  with  those  of  Klotz  and 
of  Wells: 

1.  They  differ  from  those  of  Klotz,  in  that  by  analytical  meth- 
ods we  were  unable  to  find  the  calcium  soaps  which  he  claims  to 
have  demonstrated  by  micro-chemical  examination  but  are  in  ac- 
cord with  Wells'  results  in  this  regard. 

2.  The  inorganic  analysis  of  the  residue  differs,  however,  from 
that  of  Wells.  Possibly  this  is  due  to  the  fact  that  the  entire 
aorta  was  used.     Such  material  necessarily  included  both  calci- 
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fied  and  normal  areas,  thus  diminishing  the  absolute  percentage 
of  calcification.  Again  Wells  examined  a  different  kind  of  tissue 
(lymph  node)  and  it  is  not  impossible  that  the  somewhat  higher 
PjOj  content  obtained  by  him  is  due  to  the  presence  of  the  phos- 
phorus containing  proteids  or  their  decomposition  products 
which  are  known  to  be  present  in  such  tissue  in  relatively  large 
amounts.  The  Ca,  (P04)2  percentage  was  lower  and  the  per- 
centage of  Mg,  (PO4),  much  less.  The  figures  do  not  show  the 
very  close  relationship  to  normal  ossification  which  is  so  evident 
in  his  results. 

Conclusions. 

1.  The  absence  of  calcium  soaps  in  the  extracts  of  all  aortas 
examined  leads  us  to  the  conclusion  that  in  patholc^cal  calcifica- 
tion, of  the  aorta  at  least,  the  formation  of  calcium  soap  is  not 
an  intermediate  process. 

2.  The  analyses  of  the  residues  apparently  point  to  the  fact, 
insisted  upon  by  Wells,  that  in  pathological  calcification,  the  in- 
organic salts  are  deposited  in  approximately  the  same  proportion 
as  in  normal  ossification.  This  does  not  necessarily  signify,  how- 
ever, that  the  initial  processes,  from  which  pathological  cakifica- 
tion  and  normal  ossification  result,  are  identical. 

3.  The  remarkably  high  percentage  of  lecithin  in  the  initial 
stage  of  calcification  and  the  fact  that  with  increasing  calcium 
c<Hitent  there  occurs  a  coincident  diminution  in  the  percentage  of 
lecithin  has  led  us  to  suspect  that  the  phosphate  radical  may  be 
supplied  from  a  decomposition  of  lecithin. 
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ACTION  OF  CERTAIN  DRUGS  ON  THE  ELIMINATION 

OF  URIC  ACID  DURING  A  NITROGEN- 

FREE  DIET.* 

By  holmes  C  JACKSON,  Ph.  D., 

Adjunct  Profeoaor  of  Physiological  Chemistry,  Albany  Medical  College, 

AND 
KENNETH  D.  BLACKFAN,  M.D., 
Instnactor  in  Pathology  and  Bacteriology,  Albany  Medical  College. 
(Frpm  tk0  Btndtr  Laboratory,  Albany,  N.  Y.) 

The  extreme  divergence  of  opinion  which  exists,  based  chiefly 
on  a  contradiction  of  experimental  results,  in  regard  to  the  meta- 
bolic disturbances  commonly  associated  with  the  deposition  of 
urates  in  specific  localities  of  the  body  has  frequently  been  the 
stimulus  for  further  work  along  lines  tending  to  the  possible  elu- 
cidation of  this  problem.  It  seemed  probable  to  us  that  a  fruit- 
ful line  of  inquiry  lay  in  the  attempt  to  determine  what  changes 
would  appear  in  the  nitrogenous  composition  of  the  urine  of  per- 
sons nourished  with  nitrogen-free  food  during  the  period  of  ad- 
ministration of  such  drugs  (colchicum,  sodium  salicylate)  as  are 
most  valued  in  the  general  treatment  of  gout  or  more  especially 
of  its  seizures. 

The  fact  that  alcohol  in  its  various  forms  apparently  is  a  factor 
in  causing  disturbances  in  the  normal  elimination  of  the  nitro- 
genous constituents  of  the  urine  and  its  well-known  relation  to 
the  appearance  of  gouty  tendencies  influenced  us  to  re-examine 
its  effects  with  the  view  of  comparison  and  possible  confirmation 
of  the  work  already  carried  out  in  this  direction.  In  regard  to 
the  literature  which  has  developed  on  these  subjects  within  the 
past  ten  years  it  may  be  stated  that  many,  if  not  all,  of  the  ex- 
periments conducted  before  the  time  of  our  knowledge  concern- 
ing the  importance  of  the  distinction  between  "  endogenous  "  and 
"  exogenous  *'  eliminations,  involving,  as  this  does,  the  impor- 
tant question  of  diet,  must  be  ruled  out  as  useless.  Experimen- 
tation is  constantly  hemmed  in  by  faulty  or  inexact  methods. 
Unfortunately  each  advance  in  the  direction  toward  accuracy 

*  Work  conducted  under  a  grant  made  to  the  Bender  Laboratory  by  the  Committee  on 
Scientific  Research  of  the  American  Medical  Association.  Published  also  in  Jour,  Amtr, 
M€d.  Assoc, ^  1906 1  xlvii. 
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sets  the  seal  of  questionable  usefulness  cm  older  pieces  of  experi- 
mentation. 

In  the  discussion  we  will  here  confine  ourselves  to  the  possible 
explanations  of  the  results  which  have  been  obtained  by  others 
and  those  which  we  reached  as  the  effect  of  the  giving  of  alcohol, 
cdchicum  and  sodium  salicylate  at  a  time  when  the  nitrogenous 
elimination  was,  so  to  speak,  of  almost  maximtmi  endogenous 
origin,  L  e.,  during  the  period  of  non-nitrogen  diet.* 

Our  experiments  were  carried  out  on  the  writers  and  Dr.  J.  F. 
Robinson,  assistant  in  surgical  pathology  in  the  Bender  Labora- 
tory, who  kindly  volunteered  to  aid  us  and  to  whcmi  we  wish  to 
express  our  grateful  indebtedness. 

Diets. 
During  the  preliminary  purin-free  period,  the  diet  consisted  of 
eggs,  milk,  potatoes  and  bread,  the  quantities  being  cmly  approxi- 
mated in  the  case  of  the  three  subjects  and  during  the  three  days 
of  the  period.  The  results,  however,  were  sufficiently  in  accord 
to  serve  as  a  satisfactory  control  for  the  subsequent  nitrogen-free 
period.  When  the  question  arises  as  to  the  character  of  a  diet 
which  shall  be  nitrogen-free,  we  are  confronted  by  the  well-nigh 
impossibility  of  obtaining  one,  which  shall  serve  as  a  palatable 
and  savory  substitute  for  the  ordinary  mixed  diet  while  contain- 
ing sufficient  calorific  value.  For  many  persons  the  occurrence 
of  nausea  under  such  a  diet  precludes  the  possibility  of  its  em- 
ployment by  them.  Whether  or  not  this  is  a  psychic  phenomenon 
is  still  somewhat  questionable.  The  two  principal  objects  to  be 
attained  in  any  such  diet  are  that  it  be  palatable  and  that  by  its 
absence  an  appetite  be  aroused,  for,  in  the  light  of  recent  work, 
we  can  not  but  appreciate  the  extreme  importance  which  must 
be  attached  to  the  psychic  factors  of  digestion.  These  conditions 
unfortunately  are  hard  to  obtain.  The  usual  ingredients  of  this 
diet  are  some  form  of  pure  starch,  pure  saccharose  or  other  sug^ 
and  fat  in  the  form  of  butter  or  thick  cream.  This  combination 
has  been  employed  by  many  investigators  and  especially  by 
Pfeil,*  Landergren*  and  by  Folin*.    The  latter,  referring  to  ar- 

'We  are  of  course  well  aware  that  to  prepare  a  diet  containing  absolutely  no  nitrogen 
is  weI1>nigfa  impossible.  The  term  is  constantly  employed,  however,  as  significant  of  the 
relativdy  low  nitrogen  content  of  the  constituents  when  compared  to  the  ordinary  or  even 
the  meat-free  diet. 

>2bdlif.  f.  physiol.  Chtm.,  zl.  p.  z. 

^Skamd.  Arek.  f,  Physiol,  xiv,  p.  iia. 

*Am.  Jour.  Physiol,  xiii.  p.  66. 
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rowroot  starch,  which  is  commonly  employed,  gives  it  as  his 
opinion  that  it  is  free  from  nitrogen  and  more  palatable  than  com 
or  potato  starch.  The  former  statement  is  not  strictly  true,  since 
nitrogen  in  small  amounts  can  be  detected  in  most  samples  of 
this  type  of  starch.  Relative  to  the  degree  of  palatability  of  the 
starches  as  prepared  by  semidigestion  with  diastase  (Folin)  it 
can  only  be  stated  that  it  is  a  choice  between  evils  of  somewhat 
equal  intensity.  In  any  case,  flavoring  of  some  kind  must  be 
added  to  render  it  savory,  after  which  it  makes  little  difference 
what  kind  of  starch  has  been  employed.  Without  further  dis- 
cussion as  to  the  diet  suffice  to  say  that,  after  personal  experience, 
we  decided  that  for  our  taste  the  daily  diet  most  adapted  to  pro- 
longed general  use  was  the  following: 

Gnins.  Calorific  value. 

250  arrowroot  957.0 

140  pure  cane  sugar 5044 

50  butter 450.0 

100  fat  in  the  form  of  250  c.c.  of  40  per  cent  cream         900.0 

Sodium  chlorid  to  taste.  38114 

The  whole  daily  allotment  was  prepared  at  one  time,  but  was 
eaten  in  approximately  three  equal  parts  at  the  three  meal  hours 
during  the  day.  The  preparation  took  place  as  fcJlows:  The 
arrowroot  was  thoroughly  stirred  into  400  c.c.  water  in  which 
the  cane  sugar  and  salt  (about  20  gm.)  had  been  previously  dis- 
solved. This  was  poured  into  a  boiling  mixture  of  equal  parts 
of  the  cream  and  water  and  the  whole  well  beaten  under  constant 
boiling  for  20  minutes.  At  this  point  the  mixture  assumed  the 
character  of  a  blanc  mange.  The  pudding  was  then  flavored 
with  various  kinds  of  extracts  and  fruits.  The  presence  of  small 
qtiantities  of  nitrogen  in  the  berries  and  fruits  thus  employed  may 
accotint  for  the  slight  variations  in  the  amount  of  nitrogen  elimi- 
nated from  day  to  day;  the  fluctuations,  however,  are  not  suffi- 
cient to  affect  whatever  changes  may  have  been  noted. 

From  the  thermodynamic  standpoint  the  diet  was  ample.  This 
fact  is  particularly  evidenced  by  the  rapidity  with  which  the 
nitrogen  elimination  diminished  during  the  starch-cream  diet 
On  two  of  the  subjects  on  the  third  day,  and  in  the  third  on  the 
fourth  day,  there  was  less  than  3  gm.  of  nitrogen  excreted  during 
the  24  hours.  These  figures  approach  those  of  Siven^  and  of 
Landergren. 

^Skand,  Arch.  f.  Physiol.,  xi,  p.  30S. 
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Methods. 
The  total  nitrogen  was  estimated  by  the  Kieldahl-Gunoing 
method.    The   urea   was   determined   by   the   M5mer-Sjoquist 
method,  with  the  exception  that  in  the  sodium  salicylate  experi- 
ment a  total  nitrogen  determination  was  made  on  the  ether-alcohol 
filtrate  (after  the  removal  of  the  e^hcr  and  alcohol)  and  from 
this  quantity  was  subtracted  that  determined  for  the  anmionia  by 
separate  analysis.    Ammonia  was  estimated  by  the  Shaffer  meth- 
od ;  uric  acid  according  to  the  Hopkins-Folin  method ;  creatinin 
by  Folin's  adaptation  of  calorimetric  readings  to  Weyl's  test. 
The    calorimeter    employed    was    made    to    order    for    us    by 
Mr.    E.   C.    Fasoldt,   expert   mechanician   of   Albany,    N.   Y., 
after  designs  with  modifications  according  to  the  sketch  by  Van 
Hoc^enhuyze  and  Verploegh.*    This  instrument  reads  to  o.ooi 
inch  (0.0254  mm.).    Duplicate  readings  could  easily  be  made  to 
within  0.126  mm.,  which  corresponds  to  .015  G.  creatinin,  accord- 
ing to  Folin's  calculation,  giving  results  easily  within  the  limits 
of  error. 

The  inorganic  phosphorus  pentoxid  was  determined  by  titra- 
tion with  uranium  nitrate,  using  potassitmi  ferrocyanid  as  indi- 
cator. The  organic  phosphorus  pentoxid  estimation  took  place 
as  follows:  100  c.c.  of  urine  was  evaporated  to  dryness,  fused 
with  sodium  hydrate  and  potassium  nitrate  and  on  the  fused 
mass  the  phosphorus  pentoxid  determination  was  made  by  the 
ordinary  gravimetric  method.  The  difference  between  this  and 
the  inorganic  phosphorus  pentoxid  determination  gave  the  or- 
ganic phosphorus  pentoxid.  Total  acidity  was  estimated  by  titra- 
tion with  sodium  hydroxid,  employing  phenolphthalein  with  po- 
tassium oxalate,  as  suggested  by  Folin.  Tables  i,  2  and  3  give 
the  figures  obtained  in  the  analysis  of  the  purin-f ree  and  nitrogen- 
free  periods. 

Before  we  take  up  the  discussion  of  the  main  problem  it  may 
not  be  out  of  place  to  emphasize  some  few  points  which  are 
brought  out  by  the  results  of  the  starch-cream  diet  and  also  by  a 
comparison  of  the  latter  with  the  purin-free  period.  In  general 
the  figures  for  creatinin  may  be  considered  as  confirmatory  to  a 
certain  degree  of  Folin's  contention  that  in  meat-free  diets  the 
elimination  of  this  substance  is  independent  of  the  amount  of 
nitrogen  excreted.  No  great  variations  occur  in  our  figures,  but 
they  do,  however,  plainly  indicate  that  the  character  of  the  diet 

*Zttckr,  f.  physiol  Gumit,  xlvi,  p.  419. 

Digitized  by  VjOOQ IC 


>8 


BLIVINATION   OF  UBIC  ACID 


I 

H 
iJ 

2 


OI 

N 


'flmai  *9fimaiO 


'ffinS  'ofmatonj 


+    + 


II  I  M  i  f  5 
Jii-S-S-S-S-S 


*o  O  O  O  to 

6>  ^  Ok  m  v» 

•*  »•  00  r^  ^ 

m  ««  M  M  M 


o     o     o     o     o 


»       Ok       <^      00       CO 

(«      ««      o      o      o      o      o 


a 

I 


£ 


*p9ix|ai 


M  H  O  ^ 


I    M    M    (O  M  «    I. 


'1IfO|)«aX3 


i>pv^a 


OoOoO«*>««v>tii<) 
•0_^«0       M        I*)       Ok       w)       Q        t^ 

V)M^MMM«0MinOOOO»M0O 


eo^r^'OO      «      moo      •*> 

O0k»c«eoeo      o      ^ 
w)  (4  M  M  A  f»>QO  to  m  «^  1^  t»>*o  lo  o  •*> 

♦     W)     too'o'ioM*^' 


•««n 


MV)OkM00^O<*) 

too  wtioa^no  O  v> V)«0  too  lO ♦ 

^•^^00^00  »ntoO  «oo*  M  o  Mid  M 
000000      »«r«w»o      w) 


•ma  •uaSM^tN  I*V>X 


r«     o      o     00      »«     00     «o 
ed      »      d      4      «o      «      M 


— 0*1    •!»  'dg 


00      V)\o      »nv)t/>toiA 


'3*0  n|  oompA 


•»»«a 


O      v>     to      o      o      o      o 


Digitized  by  VjOOQ IC 


UOUiES  C.   JACKSON   AND  KENNETH   D.   BLACKFAN  39 


I  2 
II 

+    + 

I  ^  =§  §  i  §  S  § 


CO     CO     CO     0     (0 


n 

s 
2 


(*>     00      «       ^      *o 

M  ^         ^       «0  »A 

«         W)       00        «0         M 


^    T   *?    «    ?    2    S    2 

M  n  M  M  M  M  ' 

««        «*>       ^      CO        (*>      «o 
O  Ok«  O^MroMOMrvMOMtOM 

000      w     w»     ^00      t^'iA' 

»o*»o'«    'o'    '^4**0    "« 
w)eo      »io««      to«0      M 

»*  _  «  ^  (•    f«   lOM    OtM    ^M    Q    l*> 

eOM^M»«Mioo  1^0  toovto  00 

M*M'M'0'd'c>*0'M* 

M^o      r^toMO      COM 

MOOMMMMOOlO 

to V) to ^ r^. <e«  100  ♦r*.»ooto^to 
«oae  »^«  f^«i«oOk««M<«««M<>(« 

000000       l<«>00«0« 

<»      n      O^^n      00 
oooo      ♦fotow      to 

vtOtovtOOOO 
mOO>00mO*O*« 

00      Mt«.ae      0»0      M 


III 

1 1  j 

Starch-cream  diet. 
Starch-cream  diet. 
Staich-cream  diet. 

Starch-cream  diet  -H  alcohol. 

00000 

to      to      Q      «      « 
n      »«      ^      M     00 

^         f«          «•          f«          M 

•     00      0      »o 

PS 

tOW)«0        tOOt^M        to 
•        «        t^       0        0        0       00       00 

M          M          («          M          M          M 

T 

to 

t 

M        to      op       «        0       «        »«      00 

S 

1          M          M          ^         »>.         Ok        <0          to 

s 

t'^^'loo^.o^nlclv.^^l 

M           M           M           f« 

• 

s,M  ««  MOO  MOO  MtoOrOOOM^M 

«MMM(««0*OWt 

'< 

,l«LS«s-s«I.S»E 

♦       «.OV,OOJ2J 

Moewioooooooooou^o^ton 

t^^^M^s;; 

««oooooo      ^«o^«o 

slllillE 

0 

2    =    t:  ?    ?   8    5 

Digitized  by  VjOOQ IC 


30 


ELIMINATION   OF    URIC  ACID 


does  exert  in  some  manner  a  distinct  though  variable  influence 
on  the  quantity  of  creatinin  eliminated;  further  variations  in 
creatinin  elimination  were  also  noticed,  but  these  will  be  discussed 
later.  Averages  for  the  purin-free  diet  periods  in  the  case  of 
each  of  the  three  persons  (A,  B  and  C)  are:  Creatinin,  A,  1.23 
gm.;  B,  143  gm.;  C,  1.25  gm. ;  for  the  starch  cream  periods,  of 
which  there  are  two  each  for  A  and  C:  A,  1.13  gm.  and  1.28 
gm.;  B,  1.26  gm. ;  C,  1.38  gm.  and  1.33  gm.  Considered  as  a 
whole,  these  figures  might  be  regarded  as  lying  within  the  limits 
of  error.  When  the  results  for  the  individual  days  are  examined 
it  will  be  seen  that  only  in  two  instances  do  the  values  in  cme 
series  come  within  the  limits  of  its  comparative  series,  thus  indi- 
cating differences  which  lie  outside  of  the  factor  of  their  vari- 
ability. This  condition  would  tend  to  throw  doubt  on  the  state- 
ment made  by  the  same  author  that  the  elimination  value  is  con- 
stant for  each  individual,  but  different  for  different  persons. 
This  we  could  not  caifirm.  Undoubtedly  the  explanation  for 
this  does  not  lie  primarily  in  the  character  of  the  diet,  but  in  the 
general  condition  of  the  cells  of  the  body  (endogenous  metabol- 
ism) influenced  secondarily  by  the  diet,  but  not  dependent 
directly  on  its  nitrogen.  In  this  sense  Folin's  ideas  perhaps 
would  find  confirmation. 

The  effect  of  the  nitrogen-free  diet  with  its  high  calorific  value 
is  admirably  shown  when  we  consider  the  elimination  of  urea  and 
ammonia,  both  in  absolute  quantities  and  in  their  relation  to  the 
total  nitrogen  output.  In  the  purin-free  period  the  percentage 
of  the  total  nitrogen  eliminated  as  urea  varied  from  86.2  to  89.9 
in  the  three  persons;  the  ammonia,  from  3.1  to  5.3,  figures  which 
may  be  considered  to  be  well  within  normal  limits.  The  average 
for  the  control  nitrogen-free  period  does  not  indicate  as  accurate 
a  picture  of  the  change  inaugurated  by  the  diet  as  would  an  in- 
spection of  the  individual  figures.  However,  the  urea-nitrogen 
percentage  of  the  total  diminished  to  55.9  and  79.0  per  cent  (last 
day  of  periods  55.9,61.2  per  cent)  and  the  ammonia  increased  to 
S-5»  ^5-7  P^r  c€"t  (^ast  day,  13.5,  15.7  per  cent).  These  figures 
are  in  complete  confirmation  of  Folin's*  results.  In  fact,  they 
apparently  answer  the  question  propounded  by  this  author  as  to 
the  possibility  of  still  further  reducing  the  percentage  of  urea- 
nitrogen  below  the  level  of  60  per  cent  found  by  him.  A  glance 
at  the  figures  in  the  tables  will  suffice  to  enable  one  to  answer  this 
interrogation  positively.    The  constancy  of  the  ammonia  elimina- 
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tion  both  in  the  purin-free  and  nitrogen-free  periods  is  worthy, 
perhaps,  of  some  attention.*  This  fact  would  indicate  that  under 
normal  conditions  a  portion  of  the  ammonia  output  does  not  stand 
in  any  direct  proportion  to  the  excretion  of  urea  (endogenous 
elimination) .  Superimposed  on  this  constant  amount  is  that  elim- 
inated as  the  result  of  secondary  influences  such  as  diminution  in 
the  urea-forming  function  or  acidosis.  The  effect  exerted  on  the 
uric  acid  by  the  change  from  purin-free  to  nitrogen-free  diet  is 
equally  interesting.  The  experiments  of  Burian  and  Schur*  and, 
independently,  of  Siven  and  of  Pfeil  would  tend  to  indicate  that 
the  uric  acid  elimination  is  independent  of  the  total  nitrogen  out- 
put in  purin-free  diets.  Folin's  results  stand  at  variation  with 
this  statement,  and  this  author  enters  into  a  well-directed  discus- 
sion as  to  the  probable  cause  of  this  discrepancy.  He  concludes 
that  not  all  of  the  uric  acid  eliminated  during  the  so-called  purin- 
free  diet  can  be  considered  endogenous.  We  feel  that  our  re- 
sults show  ample  substantiation  for  this  contention.  There  is  a 
distinct  and  marked  diminution  in  the  absolute  quantity  of  uric 
acid  output  during  the  nitrogen-free  diet  as  compared  with  the 
purin-free  period.  In  fact,  in  two  of  the  three  individuals  the 
decrease  was  out  of  all  proportion  to  the  decrease  in  the  nitrogen 
elimination,  and  hence  there  resulted  an  actual  percentage  dimi- 
nution. The  third  case  reacted  similarly  to  those  of  Folin,  in 
which  there  resulted  an  absolute  decrease,  but  an  increase  in  pro- 
portion to  total  nitrogen.  Extremely  interesting  in  connection 
with  a  possible  explanation  of  these  differences  is  the  fact  brought 
out  by  Folin  that  in  a  one-day  change  of  diet  from  arrowroot  to 
potatoes  the  individuals  excreted  more  uric  acid  than  on  previous 
or  subsequent  days.  As  Burian  and  Schur's  purin-free  diet  in- 
cluded potato^,  he  suggests  that  perhaps  the  so-called  purin-free 
articles  of  diet  are  not  such  in  the  sense  of  not  causing  the  forma- 
tion of  purins.  An  examination  of  Folin's  figures,  however,  indi- 
cates that  not  only  is  the  uric  acid,  but  also  the  creatinin  and  urea 
increased,  and,  more  important  still,  the  absolute  quantity  of  am- 
monia markedly  diminished  so  that  the  percentage  output  assumes 
almost  that  of  the  normal.  If  the  potato  diet  merely  affected  the 
uric  acid  and  indirectly  the  total  nitrogen  output  the  above  ex- 
planation might  be  correct.    In  the  light  of  the  increase  in  uren 

>Schitteiihelm.  C.  P.,  and  KaUenetein:  Ztsehr.  f.  fxp.  PcUh.  u.  Therap.,  ii,  p.  S4«. 
Mfdk.  f.  dU.  GesomnU^  physiol.,  Ixxxvii,  p.  tjo. 
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and  creatinine  and  decrease  in  ammonia  observed,  it  would  seem 
as  if  a  more  probable  explanation  would  be  that  the  nitrogen  con- 
tent of  the  potato  had  simply  caused  the  metabolism  to  return  to 
tfie  level  of  a  higher  nitrogen  elimination  which  is  under  these 
conditions  always  accompanied  by  lowered  percentage  ammonia 
excretion.  The  basic  content  of  the  potato  could  not  suffice  to 
cause  this  change  in  the  ammonia  elimination.  We  will  have  oc- 
casion to  return  to  this  point  when  the  effect  of  the  drugs  on  the 
elimination  of  ammonia  and  uric  acid  is  discussed.  The  inor- 
ganic phosphates  suffered  a  decrease,  while  the  undetermined  ni- 
trogen both  increased  in  absolute  quantity  and  in  per  cent  of 
total  nitrogen. 

We  have  entered  into  this  somewhat  prolonged  discussion  of 
our  control  results  mainly  that  there  might  be  presented  deariy 
the  differences  which  appeared  between  the  purin-free  and  nitro- 
gen-free diets,  placing  special  emphasis  on  the  uric  acid  elimina- 
tion in  order  that  a  basis  should  be  established  on  which  changes 
due  to  the  drugs  must  be  reckoned.  Incidentally  there  has  en- 
tered the  necessity  of  confirming  Folin's  results.  These  we  feel 
have  been  amplified  while  the  several  points  become  more  dis- 
tinctly drawn  by  the  increased  calorific  value  of  the  diet. 

Action  of  Drugs. 

A  nitrogen-free  diet,  during  which  the  nitrogen  metabolism 
may  be  said  to  be  strictly  endogenous  in  character  and  reduced 
to  its  lowest  minimum,  appeared  to  us  to  present  the  best  possible 
condition  for  the  study  of  changes  induced  by  the  administration 
of  certain  agents  about  the  effects  of  which  on  the  elimination 
there  are  differences  of  opinion.  It  was  hoped  to  obtain  under 
such  circumstances  data  which  might  be  of  service  in  throwing 
some  light  on  the  factors  directly  or  indirectly  implicated  in  the 
deranged  metabolism. 

Alcohol. 

In  view  of  the  etiologic  relationship  which  is  thought  to  exist 
between  alcohol  in  its  various  forms  and  arthritis  uratica,  it  was 
thought  essential  to  study  the  effect  exerted  by  this  substance  on 
the  relationships  of  the  nitrogenous  constituents  of  the  urine  ex- 
creted during  the  time  of  a  nitrogen-free  diet.  Within  the  limits 
of  this  paper  we  can  not  discuss  even  in  a  meager  manner  tfie 

>In  both  of  the  cases  indicated  the  creatinin  eliminatson  on  the  potato  days  reached 
the  level  of  the  mflk-egs  diet. 
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mass  of  literature,  discordant  in  greatest  part,  concerning  the 
chemistry  of  perverted  metabolism  in  gout.  It  must  suffice  to 
confine  ourselves  to  the  effect  produced  by  alcohol  primarily  on 
uric  acid  and  secondarily  on  urea,  ammonia,  creatinin,  the  inor- 
ganic phosphates  and  the  organic  phosphorus  elimination  in  the 
hope  of  eliciting  facts  that  may  throw  light  on  the  changes  which 
occur. 

The  results  obtained  by  various  investigators  in  this  direction 
are  somewhat  discordant  and  incomplete.  The  earlier  work  of 
Herter  and  Smith  must  be  disregarded  on  account  of  the  lack  of 
knowledge  at  that  time  of  the  importance  of  regulating  the  diet. 
Again,  all  experiments  concerning  uric  acid  formation  which  are 
carried  out  on  dogs  can  serve  merely  as  confirmatory  evidence, 
since  we  are  aware  of  the  distinct  difference  in  nuclein  metabol- 
ism which  exists  between  dogs  and  man. 

Later,  the  first  well-devised  experiments  were  those  of  Rose- 
mann  on  a  young  man  unaccustomed  to  the  use  of  alcohol.  His 
restilts  do  not  find  easy  explanation.  Suffice  to  say  that  0.78  gm. 
of  uric  acid  was  excreted  per  diem  during  the  lo-day  alcohol 
period,  as  against  0.82  gm.  during  the  control  period.  The  1,500 
c.c.  of  5  per  cent  alcohol  added  to  the  diet  evidently  not  only 
did  not  increase  the  uric  acid  elimination,  but  tended  to  dimin- 
ish it. 

Beebe's  carefully  conducted  experiments  next  appeared.  In 
most  of  his  experiments  the  examination  of  the  urine  was  made 
hourly ;  alcohol  pure  and  in  its  various  forms  was  ingested  both 
with  and  without  food.  The  diets  were  rigorously  observed, 
some  of  them  containing  purins  and  some  purin-free.  His  de- 
ductions, which  have  a  direct  bearing  on  our  topic,  are  as  fol« 
lows:  In  one  experiment  when  alcohol  (250  c.c.  of  20  per  cent) 
was  taken  at  one  dose  without  food  the  hourly  excretion  of  uric 
acid  showed  no  change.  A  close  examination  of  his  figures 
might  justify  other  conclusions,  however.  During  the  course  of 
the  experiment  the  hourly  quantity  of  uric  acid  diminished  from 
30  mg.  to  20  mg.  and  for  tfiree  hours  after  the  ingestion  of  the 
alcohol  the  subject  was  in  a  state  of  narcosis.  Although  the  first 
hour  after  alcohol  showed  a  decided  decrease  (from  31  to  26 
mg.)  in  uric  acid  excretion,  the  following  three  hours  averaged 
more  than  this  (28  mg.).  In  view  of  the  fact  that  a  decided 
diminution  was  taking  place  in  the  uric  acid  output  during  the 
day,  these  figures  might  well  be  taken  to  indicate  at  least  a  tern- 
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porary  stoppage  of  that  decline  if  not  a  positive  increase.  This 
experiment  is  not  convincing.  At  the  same  time  it  must  be  ad- 
mitted that  Eschenburg^  came  to  similar  results,  although  his  ex- 
periments were  not  so  carefully  carried  out.  On  the  other  hand, 
Beebe  found  that  both  with  purin-containing  food  and  with  a 
purin-free  diet  alcohol  increased  the  elimination  of  uric  acid,  but 
that  the  increase  was  the  greatest  the  larger  the  purm  content  of 
the  food.  In  this  Eschenburg  also  agrees.  The  increase,  ex- 
amined hourly,  reached  its  maximimi  from  4  to  5  hours  after  the 
meal.  Since  the  maximum  increase  as  the  result  of  the  ingestion 
of  food  also  occurs  at  that  time,  Beebe  considers  that  additional 
proof  is  supplied  for  his  conclusion,  from  the  above  experiments, 
that  the  increased  uric  acid  excretion  after  alcohol  is  due  to  a 
disturbed  metabolism  of  the  purin  constituents  of  the  food. 

While  we  have  no  results  which  are  exactly  comparable  to  his, 
the  fact  that  on  a  nitrogen-free  diet  there  took  place  a  decided 
increase  in  the  elimination  of  uric  acid  during  alcohol  ingestion 
must  throw  some  doubt  on  the  theory  which  Beebe  advanced. 
In  the  following  experiments  the  diet  remained  unchanged,  but 
on  the  first  day  300  ex.  of  25  per  cent  alcohol  was  taken  in  7 
doses  at  two-hour  intervals  during  the  day.  No  effect  was  no- 
ticeable, except  that  when  the  administration  occurred  at  the  time 
when  the  stomach  was  empty  the  usual  sensation  of  warmth  was 
felt;  on  the  second  day  200  c.c.  of  cognac  containing  about  50 
per  cent  alcohol  was  ingested  in  8  aliquot  parts  at  two-hour  in- 
tervals. This  was  without  narcotic  effect  of  any  kind,  and  the 
subjects  kept  about  their  usual  work  in  the  laboratory  (Tables  i, 
2  and  3).  From  the  figures  of  the  tables,  the  following  effects  of 
alcohol  may  be  readily  noticed.  Their  general  discussion  appears 
later.  A  distinct  diuretic  effect,  most  marked  in  subject  B,  less 
so  with  J,  and  not  noticeable  in  subject  R  (unaccustomed  to  alco- 
hol) occurs.  No  proteid  sparing  action  can  be  observed.  A 
definite  rise  in  uric  acid  excretion  takes  place  (25  to  50  per 
cent).  The  elimination  of  ammonia  undergoes  a  decrease.  The 
creatinin  output  stands  unchanged.  There  is  marked  increase  in 
the  organic  phosphorus. 

In  our  experiments  the  increased  uric  acid  elimination  might 
either  be  due  first  to  an  increased  oxidation  of  purins  of  endogen- 
ous origin  or,  second,  to  an  increased  formation  (synthesis)  of  uric 
acid,  or  perhaps,  third,  to  a  diminished  oxidation  of  the  uric  acid. 

»  MAnch.  fMd.  Wodkschr.,  xlvfl,  p.  9963. 
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According  to  the  first  suppositicm,  the  quantity  of  purin  bases 
eliminated  should  undergo  a  diminution  in  the  proportion  as  they 
suffered  an  increased  oxidation  to  uric  acid.  Unfortunately  our 
determinations  of  the  purin  bases  during  these  experiments  were 
not  sufficiently  satisfactory  or  complete  to  warrant  their  presenta- 
tion at  this  time.  It  can  only  be  stated  that  no  diminution  appar- 
ently occurred ;  but  we  expect  to  verify  this  in  a  later  publication. 
Beebe  found  an  increased  output  of  purin  bases  coincident  with 
die  augmented  excretion  of  uric  acid. 

In  the  second  supposition,  if  an  increased  synthesis  occurred, 
changes  should  also  have  taken  place  in  the  other  nitrogenous 
constituents  or  their  antecedents  which  furnished  the  nitrogen  for 
the  synthesis.  This  did  actually  appear  in  that  the  ammonia 
elimination  both  absolutely  and  in  its  percentage  of  the  total  ni- 
trogen diminished.  Here  again,  our  results  are  in  direct  opposi- 
tion to  those  of  Beebe,  in  which  there  was  a  decided  increase  in 
the  ammonia  output.  While  our  periods  were  not  as  prolonged 
as  his,  still  our  figures  are  less  variable,  and  the  decrease  in  the 
three  cases  is,  respectively,  6,  12  and  29  per  cent.  To  correlate 
tfiis  fact  with  the  increase  in  uric  acid  is  somewhat  difficult ;  per- 
haps they  represent  two  distinct  processes  in  no  relation  to  each 
other.  It  is  well  known  that  the  ammonia  elimination  stands  in 
close  relationship  to  the  formation  of  acids  in  the  organism,  its 
function  in  part  being  that  of  a  neutralization  agent. .  Based  on 
this  idea,  the  diminished  ammonia  elimination  would  point  to  a 
diminished  formation  of  acids  from  decreased  decomposition  of 
proteid  or  fats  in  the  organism.  In  this  case  the  diminished  am- 
monia output  would  stand  in  no  direct  relation  to  the  augmented 
uric-acid  output.  One  noticeable  effect  due  to  the  alcdiol  is  the 
undoubted  increase  in  the  organic  phosphorus  elimination  which 
occurred  not  only  with  alcohol,  but  after  other  agents  (colchicum 
and  soditmi  salicylate),  which  also  increase  the  uric-acid  output. 
Various  attempts  have  been  made  to  show  that  increased  uric  acid 
or  purin  elimination  was  followed  by  an  augmentation  in  the 
quantity  of  inorganic  phosphates  excreted.  This  having  proven 
fanpossible,  attention  ha&  been  turned  t£  the  organic  phosphorus 
of  the  urine.^  It  would  seem  most  plausible  that  in  the  forma- 
tion of  purin  bodies,  especially  uric  acid,  from  the  nucleoproteid 
of  the  cell  the  phosphoric  acid  of  the  nucleic  acid  component 

>Oertel:  Ztsckr.  f.  pkysiol.  CJutn.,  xxvi,  p  123:  also  Mandel  and    Oertcl:    N.  Y.  Univ. 
BmO.  Mtd.  Set.,  i,  p.  165;  Symmen:  Jotir.  of  Pa^.  and  Bac.,  x,  p.  159. 
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should  be  eliminated,  if  not  as  an  inorganic  phosphate,  perhaps  in 
"  organic  "  form,  i.  e.,  as  nucleotin  phosphoric  acid,*  and  not  de- 
terminable by  reaction  with  uranium  nitrate.  Our  results  appar- 
ently point  to  this  latter  type  of  production  and  excretion,  and 
hence  in  its  relation  to  uric-acid  formation  the  increased  elimi- 
nation would  indicate  that  the  augmented  uric-acid  output 
was  dependent  on  an  increased  decomposition  of  phosphorus 
containing  nuclear  material  (nucleoproteid,  nucleins  or  nucleic 
acids)  of  the  cell.  In  the  lig^t  of  this  increased  elimination  of 
organic  phosphorus  pentoxid,  the  decreased  output  of  ammonia 
occurring  at  the  same  time  might  be  explained,  as  hinted  above, 
by  a  diminished  formation  of  acid  radicles,  perhaps  phosphorus 
pentoxid.  The  figures  in  the  table  do  in  fact  indicate  tiiat  an 
actual  decrease  in  the  output  of  phosphorus  pentoxid,  precipitable 
with  uranium  nitrate,  did  occur. 

Thirdly,  that  the  increased  elimination  of  uric  acid  is  attribut- 
able to  a  decreased  oxidation  of  this  compound  in  the  liver  as 
supposed  by  Beebe  seems  hardly  probable.  At  any  rate,  the  re- 
sults adduced  by  this  author  do  not  seem  sufficient  to  strengthen 
the  supposition.  With  the  exception  of  the  figures  presented  by 
him,  we  know  of  nothing  which  would  tend  to  substantiate  the 
deductions.  By  this  it  is  not  intended  to  imply  that  the  liver  may 
not  be  one  of  the  seats  functionating  in  the  decomposition  of  uric 
acid,  although  this  also  has  not  been  decisively  proven.  But  it 
must  not  be  forgotten  in  this  connection  that  alcohol*  and  other 
uric  acid  increasing  agents  (colchicimi,  sodium  salicylates,' 
etc.)  tend  to  increase  the  activity  of  the  liver  and  also  its  blood 
supply  as  shown  by  their  acting  as  cholagogues.  This  certainly 
would  speak  against  the  view  of  an  impaired  function  of  this 
organ. 

The  creatinin  elimination  remained  unchanged  during  the  alco- 
hol period-  This  fact  would  afford  evidence  against  the  view 
that  the  purins  and  creatinin  have  a  common,  origin.*  Nor 
could  any  nitrogen  sparing  effect  be  noticed,  such  as  shown  by  the 
tables  of  Beebe.  That  the  nitrogen  elimination  during  the  alco- 
hol periods  is  less  than  that  during  the  control  period,  we  can  not 
deny,  since  it  is  so  evident.  But  a  consideration  in  detail  of  the 
individual  days  in  the  previous  control  period  will  plainly  indi- 

^Schmiedeberg:  -Arc*,  f.  €%p.  Path.  p.  Pkarm.,  xlHi,  p.  57. 
>Salant:  Proc.  Soc.  9%p.  Biol,  and  M^d.,  vol.  i.  p.  43. 
•Kionka:  Ztschr.  exp.  Path.  u.  Therap,,  ii.  p.  9. 
■•Burian:  Z^iischr.  f.  Physiol  Ch^m.  xliii.  p.  546. 
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cate  that  the  nitrogen  output  was  steadily  diminishing  and,  un- 
fortunately, had  not  reached  its  lowest  level  when  the  administra- 
tion of  the  alcohol  began.  Hence  we  are  more  inclined  to  at- 
tribute the  decrease  noted  to  a  continuation  of  the  fall  inaug- 
urated in  the  previous  period  than  to  any  eflfect  of  the  alcohol. 
Also  one  of  the  subjects  (R.)  was  unaccustomed  to  alcohol,  and 
in  his  case  we  should  not  have  expected  the  appearance  of  a  spar- 
ing eflfect ;  it  is  evident,  however,  that  it  was  just  in  his  case  that 
the  most  evident  decrease  occurred.  The  explanation  probably 
lies  in  the  fact  that  with  the  high  calorific  value  of  the  diet  the 
small  amoiuit  of  energy  supplied  by  the  alcohol  was  insuflficient  to 
alter  the  nitrogen  elimination  in  an  amount  greater  than  the  daily 
variation.  The  decreasing  values  in  the  control  period  just  al- 
luded to  are  also  evident  in  the  uric-acid  excretion.  On  this  ac- 
count the  increase  in  uric  acid  observed  is  much  more  marked 
than  the  average  figures  actually  show. 

COLCHICUM    AND   SODIUM    SALICYLATE. 

As  far  as  we  are  aware  no  experiments  have  been  recorded 
on  the  eflfect  produced  by  these  drugs  on  the  nitrogenous 
elimination  during  a  nitrogen-free  diet.  Many  experimenters 
have  considered  the  action  of  colchicum  on  the  elimination  of 
uric  acid,  especially  in  pathologic  conditions,  but  the  diets  have 
been  such  or  the  methods  employed  were  of  such  doubtful  accu- 
racy as  to  render  it  useless  to  quote  them.  The  consensus  of 
opinion,  as  indicated  by  statements  in  Cushny's  text-bode  on 
"  Pharmacology,"  seems  to  be  united,  however,  in  considering 
that  uric-acid  elimination  is  not  increased  after  its  administration, 
and  that  its  use  is  purely  empirical. 

Concerning  salicylates,  the  same  statements  hold  true  in  gen- 
eral, except  that  the  weight  of  evidence  lies  emphatically  on  the 
side  of  an  increased  output  of  uric  acid  as  the  result  of  their  in- 
gestion. Recently,  however,  Morgenbesser^'  reported  experi- 
ments conducted  on  a  normal  individual,  which  apparently  indi- 
cated a  diflference  in  the  action  of  these  compounds,  whether  on 
normal  or  on  pathologic  metabolism  of  uric  acid.  In  a  three-day 
period,  during  which  30  gm.  of  sodium  salicylate  were  ingested 
daily,  he  noticed  an  increase  in  the  nitrogen  elimination  of  from 
9  to  16  per  cent.  This  increase  is  made  up  almost  entirely  of 
urea.    TTie  uric  acid  and  purin  bases  were  diminished,  however. 

'AT.  Y.  M0d.  J&HT.,  1906,  Ixxxiii,  p.  760. 
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In  our  experiments  the  colchicum  was  administered  in  the  form 
of  the  wine  taken  on  the  first  day  at  two-hour  intervals,  seven 
doses  of  30  m.  each.  As  no  typical  s)miptoms  occurred,  the  next 
day  the  dose  was  increased  to  40  m.  Four  such  doses  were 
taken,  beginning  at  8 :20  a.  m.,  when  at  2  p.  m.,  diarrhea  set  in ; 
this,  however,  was  counteracted  by  bismuth  subgallate,  but  later 
characteristic  symptoms,  nausea,  headache,  etc.,  appeared  and  the 
drug  was  discontinued. 

The  sodium  salicylate  was  ingested  at  similar  intervals  in  doses 
for  the  first  day  of  5  gr.  dissolved  in  water ;  in  all,  45  gr.  during 
the  day.  On  the  second  day  10  gr.  and  30  gr.  doses  were  admin- 
istered, making  altogether  no  gr.  The  ordinary  effects  of  buzz- 
ing in  the  ears  and  heart-burn,  etc.,  were  experienced.  Tables  4, 
5  and  6  indicate  the  result  obtained  by  us. 

Concisely  stated,  the  figures  show  that  both  colchicum  and  so- 
dium salicylates  inaugurated  a  distinct  increase  (both  absolute 
and  in  percentage  of  total  nitrogen)  in  the  output  of  uric  acid 
probably  not  accompanied  by  a  diminished  purin  base  excretion. 
In  the  case  of  the  salicylate  the  increase  amounted  to  about  250 
per  cent.  A  coincident  decrease  in  the  ammonia  elimination  did 
not  occur  in  the  case  of  colchicum,  but  was  distinctly  evident  in 
both  subjects  the  last  day  of  the  sodium  salicylate  administration. 
The  creatinin  elimination  also  decreased  at  the  same  time.  The 
figures  are  not  concordant  with  reference  to  the  total  nitrogen 
output.  With  colchicum,  two  of  the  three  cases  showed  a  rise 
in  the  nitrogen  elimination,  but  in  one  of  them  the  increase  did 
not  occur  on  the  day  when  the  output  of  uric  acid  was  maximum. 
The  salicylate  showed  less  effect,  there  being  but  a  slight  aug- 
mentation of  nitrogen  excretion  in  one  case,  and  this  when  the 
uric-acid  elimination  was  not  at  its  height.  We  are  inclined  to 
believe  that  these  drugs  do  not  effect  the  elimination  of  endogen- 
ous nitrogen,  at  any  rate  not  to  the  extent  mentioned  in  the  text- 
books. That  they  may  cause  an  impaired  internal  assimilation  of 
exogenous  nitrogen  and  hence  increased  elimination,  can  not  be 
denied.  The  unknown  state  of  our  knowledge  concerning  the 
factors  which  cause  the  excretion  of  creatinin  under  a  crealinin- 
free  diet  renders  a  discussion  of  the  results  which  we  obtained 
somewhat  vague  and  theoretical.  The  decrease  in  ammonia 
nitrogen  and  creatinin  nitrogen  observed  as  the  effect  of  salicy- 
lates seemed  to  be  offset  by  the  increase  in  uric  acid  nitrogen  and 
undetermined  nitrogen.    Just  in  what  manner  this  rearrangement 
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is  brought  about  or  its  metabolic  significance  can  only  be  con- 
jectured. 

The  inorganic  phosphorus  pentoxid  elimination  remained  un- 
changed. The  fragmentary  figures  which  we  present  as  to  the 
organic  phosphorus  pentoxid  indicate  an  increase  in  the  elimina- 
tion. As  in  our  previous  discussion  of  this  point  in  its  relation 
to  the  increased  uric  acid  output,  we  feel  that  additional  evidence 
is  added  to  the  view  that  the  augmentation  in  output  is  caused  by 
increased  production  from  nuclear  material  of  the  cell. 

The  acidity  showed  no  change;  no  leucocytosis  made  its  ap- 
pearance during  the  administration  of  salicylates.  The  foregoing 
results  have  been  substantiated  by  similar  experiments  by  Dr. 
A.  T.  Laird  on  patients  suffering  with  gout.* 

Conclusions. 

1.  The  elimination  of  uric  acid  on  a  purin-free  or  nitrogen- free 
diet  is  not  a  constant  value  for  the  same  individual. 

2.  There  appears  to  be  evidence  that  the  elimination  of  creat- 
inin  may  be  altered  by  conditions  other  than  that  of  the  creatinin 
in  the  food. 

3.  Alcohol  increases  the  output  of  uric  acid  during  a  nitrogen- 
free  diet ;  there  occurs  a  coincident  diminution  in  the  elimination 
of  ammonia;  the  organic  phosphorus  pentoxid  excretion  is  also 
increased. 

4.  Both  colchicum  and  sodium  salicylate  increase  the  output  of 
uric  acid,  along  with  which  takes  place  an  augmented  excretion 
of  organic  phosphorus  pentoxid. 

5.  These  facts  seem  to  indicate  that  the  rise  in  the  uric  acid 
elimination  is  caused  by  an  increased  formation  as  a  result  of 
augmented  decomposition  of  nuclein-containing  compounds  of  the 
cell. 

6.  From  this  it  seems  reasonable  to  decide  that  any  agent  which 
tends  to  cause  an  increased  production  of  uric  acid  in  the  organ- 
ism and  thereby  to  increase  its  amount  in  the  blood,  must  be  con- 
traindicated  in  those  conditions  where  there  exists  a  tendency  for 
a  deposition  of  urates  to  occur  (gout).  Probably  the  temporary 
beneficial  effects  of  salicylates  and  colchicum  observed  clinically 
are  the  results  of  some  secondary  action  possessed  by  them. 
That  no  permanent  benefit  results  must  be  due  to  the  fact  that 
they  are  contraindicated. 

*  Results  to  be  published  later  by  Dr.  Laird. 
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EXPERIMENTAL  MYOCARDITIS;  A  STUDY  OF  THE 
HISTOLOGICAL  CHANGES  FOLLOWING  INTRA- 
VENOUS INJECTIONS  OF  ADRENALIN.* 

By  RICHARD  M.  PEARCE,  M.  D. 

(From  tk4  Btnder  Labor<n.try,  AJbany,  N.  Y.) 

Plate  I. 

During  a  recent  investigation*  by  Dr.  Stanton  and  myself  of  the 
lesions  occurring  in  the  aorta  of  the  rabbit  as  the  result  of  re- 
peated injections  of  adrenalin,  the  heart  muscle,  in  the  few  in- 
stances in  which  it  was  examined,  was  seen  not  infrequently  to  be 
the  seat  of  very  definite  d^enerative  lesions  and  occasionally  also 
of  proliferative  changes.  The  association  of  such  conditions 
with  an  experimental  vascular  lesion  suggested  the  possibility  of 
producing  experimentally  a  chronic  myocarditis  analogous  to 
that  seen  not  infrequently  in  man  in  connection  with  grave  ar- 
terial disease.  As  the  material  at  hand  was  insufficient  for  a 
comprehensive  study  a  second  series  of  investigations  was  inau- 
gurated. In  these  an  attempt  has  been  made  to  study  the  se- 
quence of  the  changes  and  to  determine  to  what  extent  they  are 
due  to  the  direct  action  of  adrenalin  and  to  what  extent  secondary 
to  the  arterial  lesions.  Few  of  the  investigators  who  have  pro- 
duced vascular  lesions  with  adrenalin  have  described  the  asso- 
ciated myocardial  changes.  Fischer*  mentions  the  occurrence  of 
necrotic  and  fibrous  changes  and,  rarely,  calcification.  K. 
Ziegler,'  in  a  series  of  eight  animals,  found  changes  very  similar 
to  those  hereinafter  detailed. 

Methods, — These  were  practically  the  same  as  in  the  earlier 
experiments  by  Dr.  Stanton  and  myself,  except  that  the  initial 
dose  was  placed  at  one-tenth  cubic  centimetre,  and  rapidly  raised 
to  five-tenths  and  occasionally  higher.  All  injections  were  made 
into  the  ear  vein,  and  usually  on  alternate  days.  As  previous 
experiments  had  shown  that  ten  to  twelve  injections  of  adrenalin 
were  sufficient  to  produce  well  marked  arterial  lesions,  the  injec- 
tions in  this  series  with  a  few  exceptions  were  thus  limited  and 
the  animals  were  then  allowed  to  remain  without  further  treat- 
ment for  periods  varying  from  one  to  three  weeks.    Thus  the 

*  This  investigation  was  conducted  under  a  grant  from  the  Rockefeller  Institute  for 
Madioal  Research.  Read  before  the  Johns  Hopldns  Medical  Society,  December  i8,  1905* 
Published  in  Jour,  Espn.  M^d.,  1906,  viii,  400. 
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animals  which  survived  the  treatment  represent  an  average  injec- 
tion period  of  twenty-four  days,  and  a  total  elapse  of  from  twen- 
ty-seven to  forty-five  days,  a  sufficient  time,  as  indicated  by  the 
few  preliminary  observations,  for  the  development  of  proliferative 
lesions  in  the  myocardium.  The  animals  dying  during  the  course 
of  the  injections  furnished  sufficient  material  for  the  study  of 
early  d^enerative  changes. 

The  histological  methods  were  limited  to^the  use  of  Scharlach 
R  for  frozen  sections,  and  of  haematoxylin  and  eosin  and  Mal- 
lory's  connective  tissue  stain  for  material  hardened  in  Zenker's 
fluid  and  imbedded  in  parafiin. 

Results. — ^Thirty-six  rabbits  were  injected.  These  may  be  di- 
vided into  two  groups :  the  first  group  including  fourteen  animals 
which  died  during  the  period  of  injection,  and  the  second  group, 
twenty-two  animals,  which  received  from  seven  to  fifteen  injec- 
tions and  were  killed  at  various  intervals  thereafter.  The  first 
group  represents  animals  receiving  from  one  to  five  injections,  of 
which  none  died  later  than  the  tenth  day.  All  animals  dying  in 
this  stage  succumb  apparently  to  circulatory  and  respiratory  dis- 
turbance and  present  at  autopsy  acute  dilatation  of  the  hearty 
oedema  and  congestion  of  the  lungs,  and  occasionally  haemor- 
rhages from  the  serous  and  mucous  membranes  or  in  the  interior 
of  organs.  No  macroscopic  lesions  of  the  aorta  are  demon- 
strable. When  death  follows  the  injection  within  a  few  minutes 
the  cardial  dilatation,  especially  after  the  fourth  or  fifth  injection, 
is  extreme.  Under  such  circumstances  the  heart  loses  much  of 
its  conical  shape ;  the  apex  is  more  or  less  rounded  and  the  over- 
distended  auricles  project  laterally  and  greatly  broaden  the  base. 
The  left  ventricle  is  very  anaemic,  and  its  pale  almost  bloodless 
substance  is  in  sharp  contrast  to  the  blue-black  color  of  the  thin 
walled  auricles. 

Degenerative  Changes. — ^The  heart  muscle  of  two  of  three 
rabbits  dying  within  a  few  minutes  after  a  single  injection  shows 
a  well  marked  oedema  causing  more  or  less  separation  of  the  mus- 
cle fibres:  in  the  third  animal  the  oedema  is  slight.  In  all  three 
the  muscle  fibres  show  irregular  swellings,  and  the  striations  are 
somewhat  indistinct.  In  one,  multiple  fractures  of  more  or  less 
homogeneous  fibres  are  frequently  seen,  but  as  these  conditions 
could  not  be  found  in  either  of  the  other  hearts,  they  were  con- 
sidered as  probably  artifacts. 

But  one  animal  died  after  two  injections.    This  death  occurred 
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on  the  fourth  day,  thirty-six  hours  after  the  second  injectioa. 
The  oedema  of  the  myocardium  is  so  great  as  to  cause  wide  s^>a- 
ration  of  the  muscle  fibres  in  many  areas.  In  some  of  these 
areas  the  fibres  have  lost  their  striations  and  are  very  granular. 
A  few  small  areas  of  intense  oedema  take  a  diffuse  blue  stain 
similar  to  myxomatous  tissue. 

Three  animals  died  after  three  injections.  The  notes  on  one 
of  these  follow : 

RABBfT  No.  25. — Male,  weight  1670  grammes.  The  initial  dose  was 
one-tenth  cubic  centimetre  of  a  one  to  one-thousand  solution  of  adrenalin 
injected  into  the  ear  vein.  On  the  following  day  the  dose  was  raised  to 
two-tenths  and  after  an  interval  of  two  days  it  was  repeated.  The 
animal  was  found  dead  seventeen  hours  after  the  last  injection.  At 
autopsy  oedema  and  congestion  of  the  lungs  and  extreme  dilatation  of  the 
heart  are  present  Histologically  the  heart  reveals  focal  areas  of  most 
intense  oedema.  These  occur  not  only  in  the  wall  of  the  ventricle  but 
also  in  the  papillary  muscles.  Crossing  these  areas  are  strands  of  con- 
nective tissue  in  the  midst  of  which  fragments  of  heart  muscle  may 
occasionally  be  seen.  Some  of  these  fragments  stain  well  while  others 
are  merely  shadows  of  fibres  in  the  midst  of  the  finely  granular  coagulated 
serum.  Some  have  ragged  irregular  ends  pointing  definitely  to  displace- 
ment by  fracture.  Elsewhere  the  fibres  are  widely  separated  by  a  serous 
fluid,  are  very  granular,  have  swollen  nuclei,  stain  lightly  with  eosin,  and 
have  but  indistinct  striations.  On  cross  section  many  of  the  fibres  show 
a  clear  zone  about  the  nucleus,  evidently  a  perinuclear  oedema.  Occa- 
sionally, bundles  of  fibres  appear  as  if  torn  across,  the  space  between 
being  fllled  with  senrni.  The  branching  of  the  fibres  is  brought  out  well 
by  the  oedema.  Swollen  hyaline  fibres  are  not  infrequent.  The  large 
blood  vessels  are  widely  distended;  the  capillaries  on  the  other  hand  are 
not  prominent    No  lesions  are  seen  in  the  walls  of  the  blood  vessels. 

In  a  second  animal  of  this  period  which  received  three  injec- 
tions of  one-tenth  cubic  centimetre  the  oedema  was  not  so  prom- 
inent, but  on  the  other  hand  more  extensive  granular  and  hyaline 
degeneration  of  the  fibres  was  present.  After  the  fourth  injection 
one  animal  died  and  after  the  fifth,  six.  These  last  represent  the 
period  of  greatest  mortality  as'  well  as  the  gravest  degenerative 
lesions.  All  animals  dying  at  this  time  showed  extreme  dilata- 
tion of  the  heart  and  histologically,  in  addition  to  the  changes  just 
described,  a  severe  granular  and  hyaline  transformation  with 
more  or  less  necrosis  and  disorganization.  This  condition  is 
illustrated  by  the  following  protocol : 

Rabbit  No.  6.— Male,  weight  1720  grammes.  On  September  26,  29,  and 
30  one-tenth  cubic  centimetre  of  adrenalin  solution  was  injected  into  the 
ear  vein;   on  October  2  and  3,  two-tenths.    The  animal  died  during  the 
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night  of  October  3.  Upon  post-mortem  examination  the  heart  was  found 
to  be  dilated,  the  left  ventricle  pale  and  bloodless,  and  the  lungs  oedema- 
tous;  the  other  organs  were  normal.  Sections  from  three  levels  of  the 
heart  show  general  oedema  and  extreme  disintegration  of  the  muscle 
fibres.  On  both  cross  and  longitudinal  section  the  latter  are  seen  to  be 
irregularly  swollen,  granular,  without  striation,  and  not  infrequently 
hyaline.  The  nuclei  are  swollen  and  frequently  surrounded  by  a  zone  of 
oedema.  In  many  fibres  with  extensive  vacuolization  of  the  protoplasm 
the  nucleus  does  not  stain.  About  such  fibres  small  accumulations  of 
mononuclear  leucocytes  are  occasionally  present  and  in  some  instances 
foci  of  epithelioid  cells.  In  areas  of  extreme  degeneration  the  outlines 
of  the  muscle  fibres  on  cross  section  are  indistinct  and  the  picture  is 
that  of  a  uniformly  granular  mass  with  regularly  placed  lightly  staining 
chromatic  rings.  These  various  changes  affect  the  papillary  muscles 
also.  No  changes  in  the  vessels  of  the  heart  are  demonstrable.  Histo- 
logical examination  of  the  aorta  is  negative. 

In  other  animals  of  this  period  the  degenerative  changes  in  the 
heart  were  of  the  same  general  character  though  varying  more 
or  less  in  degree.  In  two,  a  slight  diffuse  growth  of  connective 
tissue  between  the  muscle  fibres  occurred. 

Attempts  to  demonstrate  fat  in  frozen  sections  of  formalin 
hardened  material  treated  with  Scharlach  R  and  counterstained 
by  h^ematoxylin  were  uniformly  negative.  This  method,  how- 
ever, revealed,  in  a  few  hearts,  isolated  fibres  or  small  groups  of 
fibres  taking  a  diffuse  yellow  stain.  These  were  more  or  less 
hyaline,  and  without  nuclei ;  they  however  occurred  in  close  rela- 
tion to  other  similar  fibres  which  did  not  thus  react.  This  reac- 
tion has  not  as  far  as  I  am  aware  been  previously  described  and 
its  significance  is  not  apparent. 

The  lesions  in  these  hearts  are  due,  manifestly,  either  to  the 
direct  toxic  action  of  adrenalin  upon  the  heart-muscle  or  to  me- 
chanical disturbances  of  the  circulation  caused  by  the  effect  of 
adrenalin  on  the  vascular  mechanism.  They  cannot  be  secondary 
to  alterations  in  the  walls  of  the  large  vessels,  for  in  this  series 
none  of  the  animals  exhibited  macroscopic  lesions  of  the  aorta 
and  in  but  three  were  degenerative  changes  evident  microscop- 
ically. 

Proliferative  Changes, — Of  the  twenty-two  animals  surviving 
seven  to  fifteen  injections,  all  but  three  showed  degenerative 
changes  in  the  myocardium,  though  seldom  of  the  severe  grade 
observed  in  the  above  descriptions.  In  twelve,  more  or  less 
definite  new  connective  tissue  formation  was  evident.  This  new 
tissue  was  present,  in  some  hearts,  as  focal  accumulations  of  fine 
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connective  tissue  about  individual  hyaline  or  granular  fibres  or 
about  small  groups  of  such  fibres.  In  others  a  diffuse  arrange- 
ment of  new  tissue  was  demonstrable  in  considerable  areas  of  the 
myocardiiun,  and  in  two  cases  a  very  severe  and  diffuse  fibrous 
myocarditis  existed.  The  new  tissue  as  a  rule  was  most  abun- 
dant about  the  blood  vessels  but  had  no  relation  to  the  sub-epicar- 
dial  tissue  or  to  the  endocardium.  It  was  very  prcmiinent  in  the 
papillary  muscles.  All  parts  of  the  ventricle  suffered,  though  if 
any  difference  existed,  the  lesions  were  more  severe  at  the  apex. 
Focal  accumulations  of  leucocytes  were  not  prominent  in  the 
more  chronic  lesions,  though  occasionally  present  in  the  earlier 
conditions.  When  present  these  were  usually  of  the  lymphoid 
cell  type.  No  suppuration  or  other  evidence  of  infection  was 
seen  at  any  time;  the  lesion  apparently  was  a  pure  connective 
tissue  proliferation  following  degeneration  of  muscle  fibres.  The 
following  protocol  is  that  of  the  most  advanced  lesion  observed : 

Rabbit  No.  22.— Male,  weight  1685  grammes.  During  a  period  of  eleven 
days  seven  injections  of  adrenalin  varying  in  amomit  from  one-tenth  to 
eight-tenths  cubic  centimetre  were  given  (total  amount  five  and  two- 
tenths  cubic  centimetres).  The  animal  was  killed  by  chloroform  five 
days  after  the  last  injection. 

Autopsy. — Weight  1650  granunes.  A  small  amount  of  dear  serous  fluid 
is  found  in  the  peritoneal  and  pleural  cavities.  The  heart  is  large  and 
firm;  the  walls  of  the  left  ventricle  are  distinctly  thickened;  the  auricles 
are  dilated.  The  entire  circumference  of  the  aorta  at  its  origin  is  the 
seat  of  closely  massed,  depressed,  round  or  oval,  calcified  areas  which 
form  a  complete  ring  about  the  vessel  and  extend  irregularly  into  the 
sinuses  of  Valsalva  and  along  the  ascending  portion  of  the  aorta  fbr 
a  distance  of  one  and  two-tenths  centimetres.  The  orifices  of  the  coronary 
arteries,  in  the  natural  position  of  the  aorta,  are  entirely  obscured  but 
by  pressure  on  the  heart  substance  their  presence  is  indicated  by  the 
escape  of  minute  points  of  blood.  These  lesions  cause  considerable 
deformity  of  the  vessel.  A  few  isolated  plaques  of  similar  appearance  are 
scattered  elsewhere  in  the  aorta  and  a  considerable  number  are  grotq>ed 
about  the  origin  of  the  coeliac  axis. 

Histology. — Sections  through  the  entire  ventricle  from  base  to  apex 
show  extreme  degeneration  of  muscle  fibres  and  a  new  formation  of  con- 
nective tissue  diffusely  arranged,  for  the  most  part,  but  with  here  and 
there  focal  areas  in  which  the  muscle  fibres  are  entirely  absent  The 
muscle  fibres  as  a  rule  are  swollen,  vacuolated,  and  exceedingly  granular, 
though  some  are  atrophied.  Fibres  with  irregular  constriction  and 
swelling  and  more  or  less  hyaline  transformation  are' not  uncommon. 
The  nuclei  are  distorted,  stain  poorly,  and  frequently  are  entirely  absent 
In  some  fibres  the  nucleus  is  contracted  and  surrounded  by  a  clear  zone; 
in  other  fibres  the  nucleus  is  greatly  swollen.    The  connective  tissue  is 
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p,o.  a. — Higher  magnification  of  a  different  portion  of  the  same  section  sh^^J^the 
character  of  the  muscle  degeneration  and  also  a  moderately  diffuse  increase  of  connective 
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more  atmndant  in  the  mid  and  inner  portions  of  the  ventricle  and  but 
slight  beneath  the  pericardium  and  in  the  papillary  muscles.  The  focal 
areas  are  more  numerous  at  the  apex  of  the  ventricle  and  towards  the 
endocardial  surface.  The  connective  tissue  is  very  loose  and  oedematous. 
Between  the  elongated  wavy  vesicular  nuclei  is  considerable  intercellular 
substance  practically  free  of  lymphoid  cells.  While  the  arrangement  of 
the  new  tissue  is  in  general  diffuse  it  is  frequently  more  abundant  about 
the  blood  vessels.  In  the  foc^  areas  the  fibrillated  character  of  the  new 
tissue  is  very  evident.  The  walls  of  the  blood  vessels  show  no  change. 
Sections  stained  by  Mallor/s  connective  tissue  method  show  everywhere 
between  the  muscle  fibres  a  more  or  less  well  marked  blue  reticulum, 
while  the  focal  areas  take  a  deep  stain  relieved  only  by  the  deep  red  of 
fragments  of  hyaline  fibres.  The  methods  for  demonstrating  elastic 
tissue  show  a  diffuse  increase  of  fine  elastic  fibrils  in  the  denser  areas  of 
connective  tissue;   they  reveal  no  changes  in  the  blood  vessels. 

Control  Observations. — ^Although  the  literature  treating  of 
various  experimental  lesions  of  the  myocardiuni  of  the  rabbit  con- 
tains no  references  to  the  occurrence  of  degenerative  and  pro- 
liferative changes  in  the  hearts  of  apparently  normal  rabbits,  it 
seemed  advisable  to  determine  definitely  this  point.  As  the  sacri- 
fice of  a  series  of  normal  rabbits  appeared  undesirable  the  sec- 
tions of  heart  muscle  from  a  large  number  of  animals  injected 
with  various  organs  and  fluids  of  the  dog  during  the  past  few 
years,  in  the  course  of  several  investigations  of  cytolysins,  were 
utilized.  A  careful  study  of  this  material  failed  to  reveal  fibrous 
changes  Mid  showed  few  degenerative  lesions.  The  latter  were 
of  slight  degree  and  never  of  the  type  occurring  after  the  admin- 
istration of  adrenalin. 

Mode  of  Action  of  Adrenalin,— Tht  association  of  a  severe 
fibrous  myocarditis  with  vascular  lesions  involving  the  orifices 
of  the  coronary  arteries,  as  in  the  experiment  given  above  in  de- 
tail, suggests  that  the  latter  condition  must  have  some  causal 
relation  to  the  myocardial  changes.  Indeed  in  the  early  part  of 
the  investigation  it  was  thought  that  such  a  relation  would  even- 
tually be  demonstrated.  Such,  however,  does  not  appear  to  be 
the  case,  for  in  one  instance  a  myocarditis  of  equally  severe  type 
developed  in  the  entire  absence  of  lesions  in  the  aorta.  Moreover 
in  six  of  the  twelve  animals  exhibiting  changes  in  the  myocar- 
dium no  lesions  of  the  aorta  were  present,  and  in  three  of  the 
remainder  the  lesions  were  but'  slight.  The  fibrous  changes  in 
the  myocardium  would  appear  therefore  to  be  independent  of  the 
vascular  lesions  and  not  analogous  to  the  myocarditis  associated 
with  arterial  disease  in  man. 
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Other  possible  exj^anations  are  based  on  a  direct  toxic  acticm 
of  adrenalin  on  the  heart  muscle,  or  an  indirect  action  through  the 
mechanical  disturbances  of  the  circulation  which  it  causes.  Al- 
though the  physiological  action  of  adrenalin  on  smooth  muscle  is 
well  known  we  have  no  knowledge  of  its  toxic  action  on  the 
various  types  of  muscle  cells.  Degenerative  lesions  in  the  paren- 
chymatous cells  and  in  muscle  cells  other  than  those  of  the  heart 
and  aorta  are  rarely  seen,  and  it  seems  improbable  that  the  toxic 
principle  of  adrenalin,  if  it  exists,  should  be  so  selective  as  to 
affect  only  the  muscle  cells  of  the  heart  and  the  smooth  muscle 
of  the  aorta  and  its  larger  branches.  Indeed  the  limitation  of 
degenerative  lesions  to  the  heart  and  larger  blood  vessels,  and 
their  practical  absence  in  all  other  tissues,  speak  against  any 
toxic  action  and  point  to  an  influence  of  a  mechanical  nature 
affecting  these  structures  alone. 

The  action  of  adrenalin  in  constricting  the  arterioles  with  con- 
sequent increase  in  blood  pressure  is  well  known.  This  increase 
of  blood  pressure  is  alone  not  sufficient  to  explain  the  lesions,  for 
if  it  were,  we  would  expect  the  vascular  changes  due  to  adre- 
nalin to  be  more  general.  But  it  is  admissible  to  conceive  of  a 
temporary  ischemia  of  terminal  vascular  territories,  due  to  the 
direct  action  of  the  drug  upon  the  smooth  muscle  cells  of  the 
coronary  arterioles,  which  lasts  a  sufficient  length  of  time  to 
cause  some  interference  with  the  nutrition  of  the  affected  areas. 
From  physiological  experiments  this  period  would  appear  to  con- 
tinue about  ten  to  fifteen  minutes.  If  to  this  we  add  the  in- 
creased contractile  effort  of  the  heart  necessary  to  overcome  the 
greatly  augmented  intravascular  tension,  we  have  factors  suffi- 
cient to  explain  the  degenerative  lesions  of  the  early  experiments. 
The  heart  muscle  under  conditions  of  poor  nutrition  is  pushed 
to  its  extreme  power  and  dilatation  results  with  injury  of  single 
fibres  or  groups  of  fibres.  This  injury  is  due  in  part  to  nutritive 
and  in  part  to  mechanical  disturbance.  That  the  dilatation  is  ex- 
treme, that  the  muscle  is  anaemic,  and  that  serious  alterations  of 
the  fibres  are  associated  with  this  condition  after  but  a  single  in- 
jection of  adrenalin  has  been  repeatedly  demonstrated  during  the 
course  of  this  investigation. 

Practically  the  same  explanation  was  advanced  by  Dr.  Stanton 
and  myself  to  explain  the  necrosis  in  the  lesions  of  the  aorta  due 
to  adrenalin.  K.  Ziegler's  explanation  of  the  vascular  lesions  is 
also  very  similar.    He  points  out  that  the  inner  and  middle  por- 
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tions  of  the  media  of  the  aorta,  the  usual  seat  of  necrosis,  is  the 
part  of  the  vessel  most  scantily  supplied  by  the  vaso-vasorum 
and  therefore  most  susceptible  to  necrosis  at  the  time  of  vascular 
spasm  and  local  anaemia. 

Comparison  with  Other  Experimental  Lesions  of  the  Myo- 
cardium.— ^The  degenerative  changes  due  to  adrenalin  do  not 
conform  in  all  respects  to  those  caused  by  other  agents  used 
experimentally.  The  hyaline  and  granular  changes  in  the 
muscle  fibres,  the  alterations  in  striation,  and  the  slight  acciunu- 
lations  of  lymphoid  cells  are  similar  to  those  found  by  various 
investigators  (Comba,*  Welch  and  Flexner,*  and  MoUard  and 
Regaud*)  who  have  studied  the  effect  of  diphtheria  toxin  on 
the  heart  muscle.  On  the  other  hand  they  differ  in  the  absence 
of  fatty  changes,  in  the  extreme  oedema  of  the  interstitial  tissue, 
and  in  the  disorganization  of  the  fibres.  In  the  same  way  also 
they  differ  from  the  lesions  produced  by  Welch'  in  his  experi- 
mental study  of  the  effect  of  high  temperature  and  from  those 
produced  by  Ribbert*  with  staphylococcus  pyogenes  aureus,  by 
Charrin*  with  bacillus  pyocyaneus,  by  Tallquist^®  with  strepto- 
coccus pyogenes,  by  Bjorksten^*  with  various  bacteria  or  their 
toxins,  and  by  Flexner*'  with  ricin  and  abrin. 

With  the  exception  of  the  slight  focal  increase  of  connective 
tissue  described  by  Charrin,  Comba,  and  MoUard  and  Regaud, 
as  a  rare  result  of  repeated  injections  of  bacterial  toxins,  the 
only  form  of  fibrous  myocarditis  mentioned  in  the  literature  of 
experimental  lesions  of  the  heart  is  that  following  ligation  of 
the  coronary  arteries.  The  histological  changes  following  such 
ligation  have  been  described  by  Kolster,  Porter,  and  Baum- 
garten**.  The  last,  in  his  very  detailed  description,  states  that 
by  the  fourteenth  day  the  new  connective  tissue  had  largely 
replaced  the  widespread  areas  of  anaemic  necrosis.  This  is  of 
interest  in  connection  with  the  lesions  above  described,  in  that 
the  most  marked  connective  tissue  proliferation  occurred  in  a 
rabbit  killed  sixteen  days  after  the  first  injection. 

Relation  to  Lesions  in  Man. — No  definite  comparisons  can  be 
made.  The  animals  with  acute  degeneration  of  the  myocardium 
and  extreme  dilatation  of  the  heart  which  die  suddenly  after  the 
fourth  or  fifth  injection  represent  a  condition  apparently  similar 
to  that  occasionally  seen  in  man,  where  unusual  strain  causes 
sudden  death  due  to  an  acute  dilatation  of  a  heart  previously 
injured  by  some  toxic  agent  or  disturbance  of  nutrition.    The 
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later  fibrous  lesions  have  no  analogy  to  the  commoner  chronic 
forms  of  myocarditis  in  man  associated  with  arteriosclerosis  or 
following  known  toxic  conditions.  That  some  of  the  more 
unusual  forms  of  fibrous  myocarditis  in  man  which  are  difficult 
of  explanation  may  be  due  to  circulatory  disturbances  of  the 
same  general  nature  as  those  caused  by  adrenalin  injections  in 
the  rabbit  cannot  be  denied.  It  is  to  these  only  that  the  results 
of  this  experimental  investigation  appear  to  have  any  relation. 
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A    NOTE    ON    THE    PRODUCTION    OF    VASCULAR 

LESIONS    IN    THE    RABBIT    BY    SINGLE 

INJECTIONS  OF  ADRENALIN  * 

By  RICHARD  M.  PEARCE,  M.  D., 

Professor  of  Pathology  and  Bacteriolocy, 
AND 

LEON  K  BAULDAUF,  M.  D., 

Instmctor  in  Pathology  and  Bacteriology,  Albany  Medkal  Collage,  Albany.  N.  Y. 
{From  the  Bender  Laboratory,  Albany,  N.  Y.) 

The  many  publications  which  have  followed  Josue's  demon- 
stration of  the  power  of  adrenalin  to  produce  degenerative 
changes  in  the  rabbit's  aorta  have  added  much  to  our  knowledge 
of  the  degenerative,  infiltrative  and  repair  processes  which  may 
occur  in  blood  vessels,  but  unfortunately,  from  the  point  of  view 
of  comparative  pathology,  the  value  of  this  method  of  experi- 
mentation has  been  lessened  by  the  failure  to  produce  lesions 
entirely  analogous  to  those  of  arteriosclerosis  in  man,  the  condi- 
tion which  it  most  closely  resembles,  and  further  by  the  absence 
of  an  adequate  explanation  of  the  manner  in  which  adrenalin 
acts  to  produce  such  lesions. 

This  method,  however,  is  so  full  of  promise  that  it  seemed 
advisable  to  continue  the  investigations^  carried  on  in  this  labo- 
ratory, during  the  past  two  years,  in  the  hope  of  producing,  by 
varying  the  conditions  of  the  experiment,  lesions  more  closely 
resembling  those  of  arteriosclerosis  in  man  and  at  the  same  time 
to  study  by  exact  physiological  methods  the  action  of  adrenalin. 
These  studies  are  as  yet  incomplete  and  it  is  our  intention  in 
this  communication  to  refer  only  to  the  lesions  caused  by  sin^e 
injections  of  adrenalin. 

That  repeated  frequent  injections  of  adrenalin  are  necessary 
to  the  production  of  experimental  vascular .  lesions  appears  to 
be  the  opinion  of  all  who  have  used  it.  Loeb  and  Githens*  have 
stated  that  lapse  of  time  is  of  more  importance  than  frequency 

*Thss  work  was  conducted  tinder  a  grant  from  the  Rockefeller  Institute  for  Medieal 
Research.    Published  also  in  Amor.  Jonr,  of  Med.  Sciences.  1906,  cxxxii.  737- 

iR.  II.  Pearce  and  E.  McD.  Stanton,  "Experimental  Arteriosclerosis."  Journal  of  Espmr. 
Mod.,  1006,  viii,  74;  R*  M.  Pearce.  "Experimental  Myocarditis:  A  Study  of  the  Histo- 
logical Changes  Following  the  Intravenous  Injection  of  Adrenalin."  Ibid.  1906,  viii,  400. 

^The  Effect  of  Experimental  Conditions  in  the  Vascular  Lesions  Produced  by  Adren- 
lifln,'*  Amor.  Jour,  of  the  Med.  Set.,  1905.  cxxx,  658. 
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of  injections  or  size  of  dose,  and  although  they  alone  appear  to 
have  noted  this  fact  they  did  not  materially  limit  the  number  of 
injections  in  their  experiments. 

Our  attempt  to  produce  lesions  by  single  injections  was  mainly 
for  the  purpose  of  testing  the  theory  offered  by  Pearce  and 
Stanton  and  later  supported  by  the  former  in  his  study  of  expe- 
rimental myocarditis  due  to  adrenalin.  This  was,  briefly,  that 
in  both  the  aorta  and  the  myocardium  the  primary  condition  is 
a  localized  anemia,  due  to  the  direct  action  of  adrenalin  on  the 
arterioles  of  areas  not  readily  supplied  by  collateral  circulation. 
To  this  factor  is  added  the  influence  of  the  strain  thrown  upon 
these  poorly  nourished  parts  during  the  height  of  the  increase 
in  blood  pressure,  an  influence  sufficient  presumably  to  cause 
permanent  injury.  If  lesions  could  be  produced  by  single  injec- 
tions of  adrenalin  this  theory  would  be  strengthened  and  that  of 
direct  toxic  action  weakened. 

As  it  had  been  previously  shown  that  necrotic  foci  were  present 
in  the  aortas  of  animals  receiving  four  and  five  injections,  three 
groups  of  animals  were  given  respectively  one,  two  and  three 
intravenous  injections  ot  yi  to  lyi  minims  of  a  i:iooo  solu- 
tion of  adrenalin  (Parke,  Davis  &  Co.).  Although  lesions 
were  produced  in  animals  receiving  two  and  three  injections 
they  became  of  little  importance  in  view  of  the  very  positive 
results  following  single  injections.  Of  ten  animals  in  the  latter 
series  four  died  within  a  few  minutes  after  injection;  of  the 
remaining  six,  one  of  which  died  at  the  end  of  seven  days  and 
five  of  which  were  killed  after  sixty-five  to  seventy  days,  all 
showed  very  definite  vascular  lesions.  The  protocols  of  these 
experiments  may  be  briefly  summarized  as  follows: 

ExFSRiMENT  13. — A  full-grown  rabbit  received  in  the  ear  vein  on  De- 
cember 9th,  one  half  a  minim  of  a  i:iooo  solution  of  adrenalin.  No  ill 
effect  was  noticed  after  recovery  from  the  initial  disturbance.  On  Decem- 
ber 16th,  the  animal  was  found  dead.  Postmortem  examination  revealed 
edema  of  the  subcutaneous  tissues,  minute  hemorrhages  in  the  intestinal 
serosa  and  about  ao  cc.  of  slightly  blood-tinged  fluid,  in  the  peritoneal 
cavity,  but  no  increase  of  fluid  in  pericardial  or  pleural  cavities.  The 
heart  was  somewhat  dilated  and  its  muscle  pale.  Beneath  the  epicardium 
were  numerous  punctate  hemorrhages.  The  aorta  throughout  the  thoracic 
portions  presented  a  peculiar  wrinkled  appearance  without  well-defined 
thickening  or  change  in  color.    The  other  organs  were  not  noteworthy. 

Histological  examination  of  the  aorta  at  different  levels  revealed  an 
extensive  and  diffuse  degeneration  of  the  media  with  more  or  less  com- 
plete necrosis  of  the  muscle  cells  and  a  straightening  and  fusion  of  the 
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elastic  fibres  with  a  few  angular  bends.  About  two-thirds  of  the  drcum- 
ference  of  the  vessel  was  involved  and  transversely  the  middle  third  of 
the  media.  In  the  heart  muscle  were  focal  areas  of  degeneration  with 
slight  increase  of  connective  tissue  and  acctunulation  of  lymphoid  cells. 

Experiment  i7.-^Rabbit  weighing  iioo  grams  injected  on  January  4th 
with  one  half  minim.  Chloroformed  March  14th;  weight  1710  grams. 
Upon  postmortem  examination  75  cc  of  clear  watery  fluid  were  found 
in  the  peritoneal  cavity.  The  aorta  from  its  origin  to  celiac  axis  pre- 
sented numerous  irregular,  calcified  placques  varying  in  size  from  0.2  to 
1.5  cm.  in  diameter.  The  other  organs  showed  no  changes.  Upon  his- 
tological examination  the  aortic  lesions  were  those  of  degeneration  and 
calcification. 

Experiment  20.— Rabbit  weighing  1920  grams  injected  on  January  9th, 
with  one  minimum  of  adrenalin.  Killed  March  14th;  weight  2120  grams. 
Postmortem  examination  revealed  no  lesions  except  in  the  aorta  which 
from  origin  to  bifuraction  was  dotted  with  oval  and  linear  elevated  areas 
of  thickening  and  calcification.  The  areas  were  larger  and  more  abundant 
in  the  ascending  portion.  Well-marked  thickening  was  present  about  the 
orifices  of  the  coronary  arteries.  Histological  examination  showed  the 
usual  picture  of  necrosis  and  calcification. 

Experiment  21. — ^Rabbit  weighing  2250  grams  received  on  January  9th, 
one  and  one-half  minims  of  adrenalin  and  was  chloroformed  on  March 
iSth.  At  autopsy  no  changes  were  found  except  in  the  aorta  which  pre- 
sented just  above  the  celiac  axis  a  single  irregular  area  of  a  calcification 
0.8  cm.  in  diameter.  Upon  histological  examination  very  extensive  repair 
was  evident  about  the  calcified  area  and  especially  in  the  subintimal  tissues. 

Experiment  22.^A  rabbit  weighing  i860  grams  was  injected  on  January 
9th,  with  one  and  one-half  minims  of  adrenalin.  Chloroformed  on  March 
rSth;  weight  1910  grams.  In  the  aorta  just  above  celiac  axis  are  two 
calcified  patches,  the  larger  of  which  measures  0.5  cm.  in  diameter.  The 
histological  picture  was  that  of  calcification  with  no  repair. 

Experiment  23. — Rabbit,  1950  grams  in  weight,  was  injected  January 
9th.  Killed  March  14th;  weight,  2700  grams.  In  the  upper  portion  of 
abdominal  aorta  is  one  small  wrinkled  thickening  0.3  mm.  in  diameter 
which  presents  histologically,  the  picture  of  calcification. 

These  results,  while  they  offer  no  explanation  of  the  mode  of 
action  of  adrenalin  in  producing  vascular  lesions,  simplify  the 
mode  of  investigation  in  that  the  problem  is  limited  to  the  study 
of  the  effect  of  single  injections,  and  comparisons  may  sharply 
be  drawn  between  lesions  so  produced  and  similar  lesions  caused 
by  prolonged  administration  of  other  substances,  as  nicotin, 
digalen  and  barium  chloride. 

It  is  evident,  however,  that  in  view  of  these  results  the  theory 
of  direct  toxic  action  is  hardly  tenable,  while  that  which  recog- 
nizes a  combination  of  vaso-vasorum  disturbance,  local  anemia 
and  vascular  strain  is  greatly  strengthened. 
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A     FURTHER     STUDY     OF     THE     EXPERIMENTAL 

PRODUCTION  OF  LIVER  NECROSES  BY  THE 

INJECTION  OF  HEMAGGLUTINATIVE 

SERA.* 

By  RICHARD  M.  PEARCE,  M.  D. 

{Ffom  ike  Bemkr  LaboraScry,  Aibatty,  N.  Y.) 

The  observations  herein  detailed  are  supplemental  to  an  earlier 
communication,^  in  which  was  described  the  power  of  the  hemag- 
glutinins contained  in  various  C3rtolytic  immune  sera  to  foroi 
red  blood  corpuscle  thrombi,  and  also  the  relation  of  the  latter 
to  necroses  of  the  liver.  In  a  later  study*  of  the  repair  following 
lesions  of  the  liver  so  produced,  abundant  confirmation  of  the 
earlier  work  was  afforded.  These  observations,  however,  have 
not  been  generally  accepted  as  conclusive.  Though  no  other 
explanation  of  the  necrosis  has  been  offered,  the  masses  of  fused 
corpuscles  in  and  about  the  necrotic  tissue  are  still  described  by 
some  investigators  as  artifacts,  or  as  the  consequence  of  post- 
mortem changes.  It  seems  advisable,  therefore,  to  present  vari- 
ous control  observations  which  offer  very  conclusive  evidence  in 
support  of  the  views  expressed  in  my  first  communication. 

Without  going  into  detail  the  lesi<Mis  under  consideration  may 
be  described  as  hyalin  necroses,  the  position  and  extent  of  which 
vary  according  to  the  amount  of  serum*  administered.  Snudl 
doses  cause  focal  lesions  more  or  less  isolated  and  irregularly 
distributed ;  large  doses  produce  a  diffuse  necrosis  which  spares 
only  the  tissue  about  the  larger  portal  spaces.  The  lesions  are 
found  only  in  the  superficial  portions  of  the  liver,  seldom  in  the 
deeper  portions.  In  animals  dying  before  the  appearance  of 
necrosis  an  intense  congestion  exists.  Under  such  circumstances, 
the  vessels  are  found  upon  microscopic  examination  to  be  dis- 
tended by  red  blood  corpuscles  so  closely  massed  as  to  present 
oftentimes  a  homogeneous  appearance.  The  coalescence  of  red 
cells  is  very  evident  in  the  portal  veins,  while  in  the  capillaries 
the  occlusion  leads  to  a  distension  so  great  that  the  columns  of 
liver  cells  are  more  or  less  obscured.  This  congestion  is  less 
evident  about  the  larger  portal  spaces.  Endothelial  cells,  fibrin 
and  bacteria  do  not  enter  into  the  formation  of  the  thrombotic 

^Conducted  under  a  grant  from  the  Rockefeller  Institute  for  Medical  Research.  Pub- 
Ibhed  also  in  Jonr.  Med.  Research,  1906,  xiv.  541. 
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masses.  An  occasional  leucocyte  or  endothelial  cell  may  be  seen, 
but  as  a  rule  these  are  absent. 

Such  observations  have  led  me  to  conclude  that  the  cause  of 
the  necrosis  is  an  obstructive  congestion  of  the  capillaries  and 
the  smaller  branches  of  the  portal  vein  by  fused  masses  of  red 
cells.  To  the  effect  of  this  obstruction,  essentially  a  thrombosis, 
is  added  the  pressure  exerted  by  the  perivascular  edema  and  the 
over-filled  bile  capillaries.  In  parts  of  the  liver  midway  between 
the  larger  portal  spaces  these  factors  are  sufficient  to  overcome 
the  pressure  in  the  capillaries  from  the  hepatic  artery,  and 
necrosis  results ;  the  cells  in  the  neighborhood  of  the  larger  portal 
spaces,  on  the  other  hand,  are  preserved  through  a  better  blood 
supply,  dependent,  presumably,  upon  the  greater  arterial  pressure 
in  this  region. 

Although  the  role  of  the  hemagglutinin  in  producing  these 
necroses  seems  to  me  to  be  well  established,  it  is  necessary,  as 
nearly  all  cytotoxic  sera  have  manifold  activities,  to  control  by 
experiment  other  possibilities.  Of  these  the  most  important  are 
the  action  of  the  toxic  products  of  hemolysis  and  the  direct 
action  upon  the  liver  cells  of  some  toxic  substance  in  the  injected 
serum.*  This  last  seems  improbable,  as  a  recent  study*  of  a 
number  of  cytotoxic  sera,  including  hepatotoxin,  has  shown  that 
the  necroses  do  not  result  from  somatogenic  cytotoxins  unless 
the  serum  has  a  high  hemagg^utinative  power.  Similarly  sera 
of  great  hemol3^c  power  do  not  cause  necrosis  unless  the  agglu- 
tinative power  also  is  great.  Moreover,  it  was  shown  that  a 
serum  of  great  agglutinative  but  no  hemolytic  power — that  pre- 
pared by  injecting  bile — ^produces  necroses  as  widespread  and 
characteristic  as  those  caused  by  sera  of  the  highest  hemolytic 
power.  Nevertheless,  as  the  sera  which  produce  necrosis  are, 
with  the  exception  of  bile  serum,  those  which  have  great  hemo- 
lytic activity,  it  seemed  advisable  to  carry  out  various  control 
experiments  to  determine  whether  or  not  this  hemolysis  had  any 
share  in  the  development  of  the  necroses.  It  is  to  this  phase  of 
die  subject  that  this  communication  is  devoted. 

Methods. — All  attempts  to  remove  from  a  serum  its  hemolytic 
activity,  leaving  only  the  agglutinative  power,  have  been  unsuc- 
cessful. The  removal  of  this  power  by  heating,  so  valuable  in 
experiments  in  the  test-tube,  is  not  applicable  to  animal  experi- 
ments, as  the  serum  is  activated  by  the  complement  of  the 
injected  animal.     The  action  of  chemicals  and  digestants  affects 
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the  agglutinin  as  well  as  the  hemolysin.  The  same  is  true  of 
changes  in  serum  due  to  lapse  of  time  after  withdrawal,  and 
also  of  the  serum  of  animals  which  are  not  bled  for  several 
months  after  the  final  injection.  Even  the  positive  results 
obtained  by  bile  senun  might  be  considered  inconclusive  owing 
to  the  possibility  of  a  natural  dissolution  of  the  red  cells  after 
agglutination  with  the  escape  of  toxic  substances  capable  of 
causing  necrosis.  It  became  necessary,  therefore,  to  determine 
what  lesions  might  be  produced  in  the  liver  by  injecting  the  prod- 
ucts of  hemolysis  and  by  producing  experimental  hemolysis  by 
various  substances  having  little  or  no  agglutinative  power.  If 
such  substances  produced  no  necroses  the  theory  of  agglutina- 
tive thrcxnbi  would,  in  a  negative  way,  be  greatly  strengthened. 

Incidentally,  numerous  vital  injections  have  been  made  to 
demonstrate  that  the  masses  of  red  cells  do  cause  a  complete 
obstruction  of  the  vessels  during  life  not  only  in  areas  of  com- 
plete necrosis,  but  also  at  various  periods  preceding  necrosis. 

Experiments  with  the  Products  of  Hemolysis. — I.  To  produce 
in  the  living  animal  a  more  or  less  continuous  blood  destruction, 
rabbits  have  been  injected  daily  with  normal  dog's  serum. 
Although  this  serum  causes  in  the  test-tube  an  agglutination  of 
rabbit's  red  cells,  this  agglutination  is  very  fine  and  disappears 
very  rapidly  as  the  result  of  the  powerful  hemol)rtic  action  which 
it  possesses.  Four  rabbits  were  injected.  Each  received  an 
initial  dose  of  one  cubic  centimeter  of  serum  in  an  ear  vein,  and 
the  dose  was  gradually  increased  according  to  the  condition  of 
the  animal.  Two  died  on  the  twenty-first  and  twenty-second 
days  respectively,  the  daily  dose  having  reached  ten  cubic  centi- 
meters. The  other  two  died  on  the  thirty-sixth  day,  the  dose 
having  been  suddenly  increased  from  fifteen  to  twenty  cubic 
centimeters.  All  showed  the  characteristic  lesions  of  experi- 
mental anemia,  i.  e,,  large  swollen  spleen,  hyperplasia  and  edema 
of  the  lymph  nodes,  a  diffuse  dark  red  appearance  of  the  bone- 
marrow,  fatty  changes  in  the  liver,  heart,  and  kidneys,  petechial 
hemorrhages  of  the  pericardium  and  lungs,  edema  of  the  lungs, 
and  a  hydremic  state  of  the  blood  with  lax  clotting.  The  serum 
of  one  animal  bled  just  before  death  was  quite  deeply  colored  by 
hemoglobin.  In  none  of  these  animals  could  focal  lesions  of  the 
liver  be  seen  macroscopically.  Histologically,  all  showed  extreme 
granular  and  vacuolar  degeneration,  and  one  extreme  fatty  trans- 
formation.   In  none  were  areas  of  hyalin  necrosis  found. 
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II.  In  a  similar  way  dogs  received  intravenous  and  intra- 
peritoneal injections  of  horse  serum  which,  though  powerfully 
hemolytic  for  dog's  corpuscles,  is  but  slightly  hemagglutinative. 
Injections  of  this  serum  in  doses  varying  from  i  :8oo*  to  1 1280, 
and  repeated  every  three  to  four  days  until  four  injections  had 
been  made,  failed  to  produce  focal  lesions  of  the  liver,  although 
the  presence  of  albumin  in  the  urine  and  fatty  changes  in  the 
kidney  indicated  the  toxic  action  of  the  serum. 

III.  For  the  study  of  the  effect  of  blood  disintegration  by  a 
known  chemical  body  toluylendiamin^  was  selected.  This  sub- 
stance produces  in  the  test-tube  a  slow  hemolysis  of  the  red  cells, 
but  no  agglutination  other  than  the  mechanical  massing  of  the 
cells  after  standing  for  several  hours.  Administered  to  the  dog 
by  the  mouth  it  causes  an  exquisite  experimental  anemia  accom- 
panied by  icterus.  Six  dogs  received  toluylendiamin  with  their 
food.  Of  these  one  was  given  a  dose  sufficient  to  cause  death 
within  twenty-four  hours.  The  others  were  given  small  doses 
almost  daily  and  sacrificed  after  one,  three,  five,  six  and  eight 
weeks.  The  usual  procedure  was  to  begin  with  one-tenth  of  a 
gram  and  increase  the  dose  very  gradually  to  one-half  a  gram. 
When  it  was  desired  to  terminate  the  experiment  a  fatal  dose  was 
given.  Animals  surviving  a  week  or  longer  become  emaciated 
and  jaundiced,  and  albumin  and  bile  appear  in  the  urine.  The 
blood*  picture  and  the  changes  in  the  bone  marrow,  spleen  and 
lymph  nodes  are  those  characteristic  of  experimental  anemia. 

The  liver  is  of  a  greenish  yellow  color  mottled  with  large, 
irregular  yellowish  or  brownish  areas.  Its  surface  is  smooth 
or  finely  granular,  its  substance  firm  and  one  section  of  a  uni- 
form greenish  yellow  color  with  smooth  glistening  appearance. 
In  five  of  the  animals  of  this  group  no  trace  of  hyalin  necroses 
similar  to  those  caused  by  cytotoxic  immune  sera  could  be 
found  upon  either  g^oss  or  microscopic  examination.  In  the 
liver  of  the  animal  killed  in  the  sixth  week  were  found  irregfular 
focal  areas  of  granular  necrosis  and  extensive  infiltration  of 
leucocytes  with  the  formation  of  a  fibrin  network.  In  these 
areas,  which  in  no  way  resembled  the  necroses  due  to  agglutina- 
tive thrombi,  were  masses  of  bacteria.  They  must  therefore  be 
considered  as  due  to  infection  and  not  to  the  products  of  blood 
destruction.  All  the  livers  exhibited  extreme  granular  and 
vacuolar  degeneration  amounting,  practically,  in  some  instances 
to  necrosis  of  individual  cells.    The  bile  capillaries  were  greatly 
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engorged  with  bile  and  could  be  followed  easily  both  without  and 
within  the  cells.  No  accumulated  masses  of  red  cells  could  be 
seen  in  tiie  capillaries. 

IV.  Although  the  above  experiments  appeared  to  prove  con- 
chisively  that  the  products  of  extensive  hemolysis  occurring  in 
the  living  animal  are  not  capable  of  causing  necrosis  in  the  liver, 
it  seemed  advisable  to  determine  the  effect  of  such  products  pro- 
duced artificially.  For  this  purpose  eight  dogs  received  injec- 
tions of  laked  blood.  The  solution  of  hemoglobin  was  prepared 
from  normal  dog's  blood  by  the  addition  of  hemolytic  immune 
sera.  The  first  experiments  were  extremely  unsatisfactory,  for 
it  was  found  that  even  after  standing  forty-eig^t  hours  the  laked 
blood  contained  a  sufficient  excess  of  agglutinin  to  agglutinate 
red  cells  in  the  test-tube,  and  as  it  produced  liver  necrosis  in 
injected  animals  it  was  impossible  to  draw  any  conclusions  from 
such  experiments.  However,  by  centrifugalizing  the  fresh  mix- 
ture of  cells  and  serum  after  standing  in  ice  for  a  half  hour  it 
was  possible  to  remove  in  the  supernatant  fluid  the  excess  of 
immune  serum.  Then,  by  diluting  with  salt  solution  and  adding 
nonnal  dog's  senmi  to  the  residue,  the  hemolysin  fixed  to  the 
agglutinated  cells  was  able  to  complete  the  hemolysis  at  room 
temperature.  The  fluid  thus  procured  was  a  rich  solution  of 
hemoglobin  with  little  or  no  agglutinative  power.  The  injection 
of  this  fluid,  after  standing  one  to  four  days,  into  the  mesenteric 
veins  in  doses  as  high  as  sixty  cubic  centimeters  (i  :ioo),  caused 
fatty  changes  in  the  kidney  but  no  necrosis  of  the  liver. 

The  Production  of  Necroses  by  the  Injection  of  Agglutinated 
Masses  of  Red  Cells. — In  the  earlier  experiments  on  this  subject 
several  attempts  were  made  to  demonstrate  the  mechanical  nature 
of  the  occlusion  of  the  capillaries  by  injecting  small  amounts, 
five  to  ten  cubic  centimeters,  of  agglutinated  corpuscles  into  the 
mesenteric  veins.  These  experiments  have  been  repeated  with 
larger  doses.  Large  amoimts  of  blood  agglutinated  by  an 
immune  serum  were  allowed  to  stand  in  the  cold  for  ten  to  fifteen 
minutes  and  then  washed  hastily  by  centrifugalizing  in  two 
changes  of  salt  solution  to  remove  the  excess  of  serum.  Fifty 
to  eighty  cubic  centimeters  of  such  a  mixture  have  been  injected 
directly  into  the  mesenteric  veins  of  dogs  weighing  five  to  seven 
kilos.  In  these  animals  hemoglobinuria  occurs  and  necroses  are 
found  in  the  liver,  but  not  comparable  in  number  or  extent  to 
those  produced  by  the  serum  itself.    Those  which  do  occur  are, 
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however,  typical  hyalin  necroses.  The  occurrence  of  hemoglo- 
binuria in  these  animals  would  at  first  glance  appear  to  vitiate 
the  experiment  as  it  is  possible  to  conceive  of  the  necroses  being 
due  to  the  products  of  hemolysis  and  not  to  mechanical  obstruc- 
tion of  the  capillaries.  Control  experiments,  however,  demon- 
strated that  the  injection  of  the  same  amounts  of  normal  defi- 
brinated  blood  into  the  mesenteric  veins  causes  hemoglobinuria 
of  equal  degree  but  no  lesions  in  the  liver.  It  therefore  seems 
fairly  conclusive  that  the  necroses  following  the  injection  of 
clumped  corpuscles  are  due  to  mechanical  obstruction,  and  that 
in  the  production  of  these  necroses  the  products  of  the  associated 
hemolysis  play  no  part. 

Demonstration,  by  Vital  Injections,  of  the  Occclusion  of  the 
Liver  Capillaries, — In  order  to  demcmstrate  that  the  masses  of 
fused  red  corpuscles  do  actually  occlude  the  blood  vessels,  a 
series  of  nine  animals,  which  had  previously  received  hemag- 
glutinative  sera,  have  been  injected  with  carmine  during  life. 
For  this  purpose  an  ammoniacal  solution  of  carmine,  prepared 
according  to  the  formula  of  Chrzonszczewsky,*  was  prepared 
and  injected  as  nearly  as  possible  under  natural  conditions  of 
pressure. 

This  preparation  penetrates  readily  the  capillary  system  of  all 
organs  and  is  of  especial  value  in  demcmstrating  occlusion  of 
the  capillaries  of  the  liver.  With  animals  under  ether  anesthesia, 
ten  to  twenty  cubic  centimeters  of  ammoniacal  camine  were 
injected  into  the  hepatic  artery,  into  the  veins  of  the  mesentery, 
and  into  the  femoral  vein  at  various  periods  after  the  injection 
of  the  agglutinative  serum.  For  detailed  study  frozen  sections 
of  formalin-hardened  material  stained  in  hematoxylin  have  given 
the  best  results.  In  no  instance  have  pigment  granules  been 
found  in  the  vessels  of  the  necrotic  foci,  though  they  are  seen 
closely  packed  in  the  vessels  about  such  areas.  The  lesions  in 
all  these  animals  were  of  the  diflfuse  type  and  there  was  consider- 
able evidence  to  indicate  that  not  only  the  capillaries,  but  branches 
of  the  portal  system  of  considerable  size,  were  occluded.  Similar 
injections  made  four  hours  after  the  introduction  of  the  aggluti- 
native serum  penetrate  the  superficial  portions  of  the  liver  to  but 
a  slight  extent  and  very  irregularly,  whereas  under  normal  cir- 
cumstances such  injection  produces  a  diffuse  impregnation.  It 
seems  conclusively  proven,  therefore,  that  the  fused  masses  of 
corpuscles  cause  a  mechanical  obstruction  to  the  circulation. 
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No  attempt  has  been  made  in  connection  with  these  injection 
experiments,  mainly  because  the  necrotic  lesions  were  so  diffuse, 
to  determine  the  relation  of  the  smaller  focal  lesions  to  the 
vascular  systems  of  the  lobule.  Considerable  evidence  is  at 
hand,  however,  to  indicate  that  the  immunity  to  necrosis  of  the 
tissue  immediately  about  the  larger  portal  spaces,  a  conditicm 
constantly  seen  in  the  diffuse  lesions,  is  apparently  due  to  the 
influence  of  arterial  pressure.  Opie"  has  recently  shown  by 
injection  experiments  that  the  greater  pressure  of  the  arterial 
blood  supply  in  the  periphery  of  the  liver  lobule  is  sufficient  to 
keep  this  portion  of  the  lobule  practically  free  from  injected 
particles  of  foreign  material,  thus  explaining  the  relative  infre- 
quency  of  necrotic  lesions  in  this  area.  It  appears  plausible  that 
the  same  theory  applied  to  the  blood  supply  of  the  tissue  about 
the  portal  spaces  would  explain  the  immunity  of  these  areas  to 
necrosis.  All  evidence  indicates  that  the  cause  of  the  necrosis 
is  an  obstructive  congestion  of  the  capillaries  and  the  smaller 
branches  of  the  portal  veins  by  fused  corpuscles.  The  mechani- 
cal pressure  exerted  by  the  perivascular  edema  and  the  distended 
bile  capillaries  probably  aids  the  occurrence  of  necroses  by  neu- 
tralizing, in  part  at  least,  the  pressure  in  the  capillaries  derived 
from  smaller  branches  of  the  hepatic  artery.  The  necrosis 
occurs  uniformly  in  those  portions  of  the  liver  in  which  no  large 
vessels  are  present.  In  portions  in  which  the  latter  are  present, 
as  the  neighborhood  of  the  portal  spaces,  the  arterial  pressure  is 
sufficient  to  preserve  the  circulation  in  their  immediate  neighbor- 
hood, while  the  tissue  at  a  distance  is  destroyed.  Only  thus  is 
it  possible  to  explain  the  normal  tissue  in  the  midst  of  large 
necrotic  areas.  The  same  difference  in  pressure  may  explain  also 
the  greater  extent  of  the  necrosis  at  the  periphery  of  the  liver. 

Conclusion, — ^Whether  or  not  red  blood  corpuscle  thrombi  may 
be  concerned  in  the  focal  necrotic  lesions  of  man,  a  question 
which  has  been  discussed  elsewhere,^^  it  would  appear  to  be 
definitely  established  that  such  thrombi  do  occur  in  the  experi- 
mental lesions  caused  by  sera  possessing  hemagglutinative  power 
and  that,  aided  perhaps  by  the  associated  perivascular  edema  and 
the  engorgement  of  tiie  bile  capillaries,  they  produce  necroses  of 
the  liver.  That  the  capillaries  of  such  areas  are  actually  occluded 
by  fused  red  cells  is  demonstrated  by  the  experiments  here 
described,  as  is  also  the  inability  of  the  products  of  hemolysis  to 
produce  such  necroses. 


Digitized  by  VjOOQ IC 


REGENmiATIVE  CHANGES   IN   THE  LIVER 


6l 


RBPBRBNCBS. 


I.  Pbabcb.  R.  M. 


*.  Ibid. 


S*  Pbabcb.  R.  M. 


The  Experimental  Production  of  Liver  Necraeee  by  the  Intra- 
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Mtdichm,  X906.  viii.  64. 
The  cytotoxic  eerm  were  prepared  by  injecting  rabbits  with 
various  fluids  and  organs  of  the  dog.  These  sera  were 
then  injected  into  the  dog.  either  into  the  peritoneal  cavity 
or  the  branches  of  thefemmvl  vein. 
In  this  connection  also  must  be  considered  the  question  of 
autolysis.  It  is  possible  that  throtigh  either  some  sub- 
stance in  the  injected  serum,  or  some  substance  formed  in 
other  organs  as  the  result  of  altered  metabolism,  the 
synthetic  functions  of  the  liver  cells  are  destroyed,  but 
not  the  autolytic  ferments,  and  that,  through  the  activity 
of  the  latter,  destruction  of  the  cells  occur.  The  resem- 
blance  of  the  lesions  to  those  of  acute  yellow  atrophy  and 
allied  conditions  in  man  is  very  suggestive.  Chemical 
studies  baaed  on  this  sux>position  are  now  under  way. 
Concerning  the  Specificity  of  the  Somatogenic  Cytotoxins. 

Journal  of  Medical  Rtstarch,  1904,  xii.  i. 

One  cubic  centimeter  to  eight  hundred  grams  of  body  weight. 

For  the  general  literature  of  toluylendiamin  poisoning,  see 

Joannovics.     G.     Bxperimentelle     Untersuchungen     Aber 

Ikterus,  Ztitschr,  f.  Htilkundt,  X904.  xxv.  25. 

f .  A  study  of  the  blood  of  these  animals  will  be  presented  at 

another  time  by  Mr.  J.  L.  Donhauser. 
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Wdtmb.  C.  K.,  Jb.  Concerning  Hemagglutinins  of  Bacterial  Origin  and  their  Rela- 
tion to  Hyalin  Thrombi  and  Liver  Necroses.  Am$r4ean 
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A  Study  of  Experimental  Lesions  in  the  Dog.* 
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Plate  II. 
Elsewhere*  I  have  described  a  form  of  experimental  cirrhosis 
which  in  its  nature  is  essentially  a  repair  of  extensive  but  more 
or  less  irregularly  arranged  necroses  produced  by  the  action  of 
hemagglutinative  sera.  To  this  account  the  present  communi- 
cation is  more  or  less  supplemental  in  that  it  deals  with  some 
of  the  more  important  of  the  finer  details  of  the  regenerative 

^Conducted  under  a  grant  from  the  Rockefeller  Institute  for  Medical  Reaearch.    Pub- 
Habed  abo  in  Jour,  Mtd.  Rntareh,  1906,  xv,  99* 
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process,  which,  for  the  sake  of  brevity,  were  merely  outlined  in 
the  earlier  communication. 

The  reparative  process  to  be  described  is  of  peculiar  interest 
in  that  it  follows  definite  necrotic  lesions  produced  by  an  agent 
reaching  the  liver  through  the  circulation  and  not  those  caused 
by  direct  mechanical  injury.  For  this  reason,  and  also  because 
of  the  resemblance  of  the  early  necrotic  lesions  to  acute  yellow 
atrophy  and  of  the  later  reparative  process  to  cirrhosis,  a  com- 
parison with  the  regenerative  processes  in  the  liver  of  man  is 
possible. 

Our  knowledge  of  the  regenerative  changes  in  the  liver  is 
based  mainly  on  the  studies  of  the  repair  following  mechanical 
injuries  and  that  occurring  in  acute  yellow  atrophy  and,  to  a 
lesser  extent,  in  cirrhosis  of  the  liver.  The  principal  experi- 
mental studies^  since  the  introduction  of  aseptic  methods  and 
the  development  of  our  knowledge  of  indirect  cell  division  are 
those  of  Podwyssozki,*  Ponfick,*  and  v.  Meister.'  A  compre- 
hensive review  of  the  reparative  process  in  acute  yellow  atrophy 
may  be  obtained  from  the  writings  of  Meder,"  Marchand,^ 
Stroebe,*  Barbacci,*  and  MacCallum,"  while  the  regenerative 
changes  in  cirrhosis,  first  emphasized  by  Kretz,^^  have  since 
been  studied  by  MacCallum"  and  Kelly.** 

Podwyssozki,  who  has  made  the  most  comprehensive  study 
of  the  repair  of  wounds  of  the  liver  produced  in  various  ways, 
concludes  that  small  losses  of  substance  are  repaired,  without 
the  formation  of  fibrous  tissue,  by  proliferation  of  the  liver  cells 
and  the  cells  of  the  small  bile  ducts.  In  more  serious  injuries 
in  addition  to  such  proliferation  a  more  or  less  abundant  forma- 
tion of  connective  tissue  occurs.  In  his  studies  he  used  the  rat, 
cat,  rabbit  and  guinea-pig.  The  formation  of  new  liver  cells 
by  mitosis  begins  after  twenty  to  forty-eight  hours  and  mitotic 
figures  are  very  abundant  by  the  fourth  to  the  seventh  day. 
Mitoses  are  also  seen  in  endothelial  and  connective  tissue  cells 
and  in  Kupffer's  cells.  The  newly  formed  liver  cells  are  usually 
large  and  pale  and  of  round  or  oval  shape.  The  bile  ducts, 
especially  the  interlobular,  proliferate  freely  and  from  them  new 
liver  cells  may  develop  directly  or  they  may  form  large,  irregular 
sprouts  in  which  multinucleated  masses  of  cells  appear  and  from 
which  new  liver  cells  separate.  Podwyssozki  emphasizes  the 
similarity  of  the  repair  of  liver  cells  in  pathological  conditions 
to  their  embryonic  development. 
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Ponfick's  experiments,  which  were  repeated  by  v.  Meister, 
demonstrate  that  after  extirpation  of  large  portions,  three- 
quarters  to  four-fifths,  of  the  liver  of  the  rabbit  a  hyperplasia 
of  the  remaining  substance  causes  a  restoration  of  the  liver  to 
its  original  size.  This  proliferation,  which  is  characterized  by 
the  formation  of  lobules  of  unusual  size,  is  a  condition  analogous 
apparently  to  the  vicarious  hypertrophy  of  paired  or  multiple 
organs  and  is  due  almost  entirely  to  a  regeneration  of  liver  cells. 
Mitoses  were  first  observed  after  forty-five  to  seventy-two  hours 
and  soon  became  very  abundant  Large,  pale,  finely-granular 
cells,  often  with  two  nuclei,  were  very  numerous  and  apparently 
represent  newly  formed  cells.  In  the  bile  ducts  and  blood  vessels 
also  was  seen  evidence  of  proliferation,  though  mitotic  figures 
could  not  be  readily  demonstrated. 

The  so-called  adenomatous  nodules  ("  multiple  knotige  hyper- 
plasie  ")  described  by  many  investigators,  and  studied  especially 
by  Marchand  and  Barbacci  in  connection  with  acute  yellow 
atrophy  and  cirrhosis,  may  be  considered  as  the  result  of  a  hyper- 
plasia comparable  to  that  produced  experimentally  by  Ponfick 
and  V.  Meister.  A  similar  hypertrophy  of  massive  character  has 
been  observed  by  Ponfick**  in  association  with  echinococcus  cyst. 

Practically  all  who  have  studied  the  repair  process  in  acute 
yellow  atrophy  are  in  accord  concerning  regeneration  by  mitosis 
of  surviving  liver  cells,  but  some  difference  of  opinion  exists  in 
regard  to  the  solid  and  tubular  cell-strands  usually  described  as 
newly-formed  or  pseudo  bile  ducts.  All  recent  investigators 
have  abandoned  the  idea  that  these  structures  are  atrophied  rows 
of  liver  cells  and  consider  them  as  sprouts  from  the  small  inter- 
lobular bile  ducts  growing  into  the  necrotic  lobule.  By  a  gradual 
transformation  of  the  cells  of  such  sprouts  true  functioning  liver 
cells  are  formed.  Marchand,  however,  states  that  similar  struc- 
tures may  also  be  formed  by  the  proliferation  and  fusion  of  the 
true  liver  cells  in  small  islands  of  liver  substance  which  have 
escaped  the  general  destruction.  This  latter  view  Stroebe  con- 
siders unproven  and  MacCallum  in  the  one  case  which  he  studied 
was  not  able  to  demonstrate  this  form  of  proliferation. 

The  recent  studies  of  regenerative  changes  in  cirrhosis  of  the 
liver  were  undoubtedly  suggested  by  Kretz's  statement  that  this 
disease  is  the  result  of  successive  processes  of  repair  following 
repeated  focal  degenerations  of  the  parenchyma.  These  studies 
treat  of  changes  in  the  size,  shape  and  internal  arrangement  of 
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the  lobule,  of  its  altered  blood  supply,  and  of  the  origin  and 
appearance  of  the  newly-formed  cells.  In  general,  the  prdifera- 
tion  is  similar  to  that  in  acute  yellow  atophy,  but,  owing  to  the 
chronicity  of  the  lesion  as  seen  at  autopsy,  mitotic  figures  are 
rarely  found  in  the  parenchymatous  cells.  The  new  formation 
of  such  cells,  however,  is  indicated  by  the  occurrence  among  cdls 
of  the  usual  appearance  of  large,  dear,  round,  plump  cells  with 
two  or  more  nuclei  and  devoid  of  fat  and  pigment.  What  has 
been  said  of  the  newly-formed  bile  ducts  in  acute  yellow  atrofHiy 
holds  for  the  similar  structures  found  in  cirrhosis. 

The  present  study  is  based  on  material  from  the  livers  of  six- 
teen dogs  representing  periods  varying  from  thirty-eight  hours 
to  thirty-six  days  after  the  injection  of  the  serum.  As  the 
larger  portion  of  the  animals  died  during  the  first  week,  it  is 
possible  to  present  an  accurate  account  of  the  sequence  of  repara- 
tive changes  to  the  end  of  the  seventh  day.  The  late  changes 
are  also  well  represented  by  those  animals  which  survived  the 
acute  disturbance.  The  middle  period,  however,  is  not  well 
represented. 

The  degree  of  repair  has  been  found  to  vary  considerably  at 
any  given  period.  This  is  particularly  true  of  the  group  of  five 
animals  representing  the  period  of  forty-eight  to  sixty  hours. 
This  difference  appears  to  be  dependent  in  part  upon  the  extent 
of  necrosis  and  in  part  upon  the  general  condition  and  age  of 
the  animal.  It  has  been  observed,  not  infrequently,  in  animals 
not  included  in  this  series  that  when  extensive  necrosis  of  the 
liver  was  associated  with  severe  general  disturbances,  indicated 
by  marked  hemoglobinuria  and  exhaustion,  no  repair  was  evi- 
dent even  in  those  animals  surviving  to  the  end  of  the  second  day. 
These  various  influences  have  been  emphasized  by  Podwyssozki, 
who  found  that  mitoses  are  most  abundant  when  the  conditions 
of  nutrition  are  best.  Thus  he  found  mitosis  to  be  delayed  in 
starved  animals,  after  considerable  loss  of  blood  and  in  old  ani- 
mals. In  the  latter  they  may  fail  to  appear,  as  may  they  also 
in  the  neighborhood  of  suppuration.  They  are  very  seldom 
seen  at  the  margin  of  areas  of  complete  necrosis. 

The  primary  necrotic  lesion  may  be  described  as  follows: 
After  twenty-four  to  forty-eight  hours  the  liver  presents  a  uni- 
formly mottled  appearance;  fine,  irregular,  yellowish  brown  or 
grayish  yellow,  non-elevated  areas  being  sharply  separated  from 
deeply  congested  or  occasionally  even  hemorrhagic  areas.    On 
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section  the  brownish  portions  have  a  distinct  hyaline  appearance. 
The  superficial  portions  of  the  liver  are  uniformly  more  exten- 
sively involved  than  are  the  deeper  portions,  though  in  some 
of  the  small  lobes  the  necrosis  may  be  quite  general.  Histologi- 
cally, the  necrosis,  which  is  hyaline  in  character,  may  involve 
all  portions  of  the  liver  tissue  except  circular  areas  of  varying 
size  in  the  immediate  neighborhood  of  the  larger  portal  spaces. 

In  the  necrotic  areas  the  destruction,  as  far  as  the  hepatic 
cells  are  concerned,  is  imiform  and  complete;  the  cells  of  the 
capillaries  may,  however,  persist.  A  narrow  ring  of  liver  cells 
with  vacuolated  protoplasm  and  pyknotic  nuclei  separates,  as  a 
rule,  the  necrotic  from  the  normal  tissue.  Leucocytic  infiltra- 
tion may  or  may  not  be  present.  The  capillaries  of  the  necrotic 
tissue  are  widely  dilated  and  tightly  packed  with  swollen  and 
distorted  red  blood  corpuscles  which  may  occur  in  masses  or 
may  retain  distinct  outlines.  In  the  congested  portal  veins,  on 
the  other  hand,  the  fusion  is  quite  constant,  the  plugs  for  the 
greater  part  having  a  distinctly  hyaline  appearance.  The  peri- 
vascular spaces  of  the  capillaries  are  distended  with  serum,  and 
tiie  bile  passages  of  all  sizes  are,  as  a  rule,  dilated  and  engorged 
with  bile. 

The  earliest  evidence  of  repair,  as  indicated  by  karyokinesis 
of  parenchymatous  cells,  is  seen  in  the  liver  of  an  animal  which 
died  exactly  thirty-eight  hours  after  injection.  The  necrosis  in 
this  instance  is  very  diffuse  and  accompanied  by  slight  leucocytic 
infiltration.  The  destruction  of  liver  as  well  as  endothelial  cells 
in  the  affected  areas  is  complete.  Between  the  completely 
necrotic  cells  and  the  normal  cells  is  seen  a  rim  of  cells  two  or 
three  deep  in  which  the  cell  structure  is  more  or  less  preserved ; 
in  these  the  nuclei  are  visible  but  the  cell  protoplasm  is  very 
granular  and  contains  many  vacuoles.  It  is  noteworthy  that 
mitoses  are  not  found  in  such  cells  but  only  in  the  well  preserved 
cells  beyond  (see  Fig.  i).  They  are  very  few  in  number  and 
are  found  only  after  prolonged  search.  This  agrees  with  Pod- 
wyssozki's  observation  that  mitoses  occur  only  in  perfect  cells 
at  a  distance  from  the  necrosis.  There  is  some  evidence,  how- 
ever, as  will  be  shown  later,  that  the  nuclei  of  apparently  degen- 
erated cells,  at  the  edge  of  the  necrosis,  may  divide  by  direct 
division  to  form  multinucleated  protoplasmic  masses.  There  is 
no  evidence  at  this  period  of  proliferation  of  the  endothelial  or 
connective  tissue  cells  or  of  the  cells  of  the  bile  ducts. 
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The  period  from  forty-eight  to  sixty  hours  is  represented  bj 
material  from  five  animals.  In  these  the  repair  is  of  the  same 
general  character  but  differs  somewhat  in  degree.  Aside  from 
the  mitoses  of  liver  cells,  which  are  more  abundant,  the  most 
striking  change  is  the  proliferation  of  the  cells  of  the  supporting 
framework.  The  necrotic  foci  are,  on  all  sides,  separated  more 
or  less  from  the  normal  liver  cells  by  a  zone  of  closely  massed 
newly-formed  endothelial  cells  (see  Fig.  2).  Proliferation  of  the 
same  cells  occurs  in  the  persisting  capillary  framework  in  the 
midst  of  the  necrosis.  The  nuclei  of  these  cells,  although  dis- 
tinctly vesicular  in  character,  are  rich  in  chromatin  and  stais 
deeply.  The  protoplasm  as  a  rule  cannot  be  distinguished  but  it 
may  be  seen  as  a  faint  ring;  when  distinctly  evident  it  takes  a 
bluish  tinge  with  hematoxylin.  Although  mitotic  figures  in  such 
cells  are  seldom  seen  the  above  characteristics  indicate  a  rapid 
proliferation.  Not  infrequently  at  the  periphery  of  the  lobule 
several  of  these  newly-formed  endothelial  cells  surround,  in  a 
ring-like  manner,  hyaline  fragments  of  necrotic  cells  and  simu- 
late in  appearance  multinucleated  cells  into  which,  as  will  be 
shown  later,  many  of  the  cells  develop.  Occasionally  a  stray 
leucocyte  is  seen  in  a  necrotic  cell.  Phagocytic  activity  on  the 
part  of  single  cells  within  the  necrotic  focus  is  indicated  by  the 
occasional  inclusion  of  a  red  blood  corpuscle  or  fragments  of 
necrotic  liver  cells.  A  very  definite  phagocytosis  is  also  evident 
in  the  endothelial  cells  and  especially  in  the  Kupffer  cells  of  the 
capillaries  in  the  immediately  adjacent  normal  liver.  Here  ten 
or  twenty  compressed  and  poorly  staining  blood  corpuscles  may 
be  seen  in  a  single  endothelial  cell.  It  is  possible  that  some  of 
these  cells  may  have  migrated  from  the  spleen,  where  they  are 
also  very  abundant,  but  the  majority  are  definitely  attached  to 
the  walls  of  the  interlobular  capillaries.  In  the  endothelial  cells 
definite  mitotic  figures,  which  can  be  r^dily  distinguished  from 
those  in  liver  cells,  are  occasionally  seen.  They  are,  however,  in 
proportion  to  the  amount  of  proliferation,  very  few  in  number. 
Mitoses  in  liver  cells  are  easily  found,  but  always  at  a  distance 
from  the  necrosis.  They  are  never  found  in  the  vacuolated  cells 
at  the  periphery,  though  between  such  the  proliferation  of  en- 
dothelial cells  is  most  active. 

The  picture  of  the  third  day  is  that  of  more  advanced  replace- 
ment of  the  necrotic  cells  by  young  endothelial  and  connective 


Digitized  by  VjOOQ IC 


RICHARD  M.    PEARCE  67 

tissue  cells.  In  many  small  areas  these  cells  have  more  or  less 
obscured  the  hyaline  fragments  of  liver  cells.  Mitotic  figures 
are  more  numerous  in  both  liver  and  endothelial  cells  and  for  the 
first  time  are  seen  the  large,  pale  oval  or  round  liver  celk  de- 
scribed by  Podwyssozki,  Ponfick,  and  v.  Meister.  There  is  also 
evident  an  increase  of  chromatin  in  the  nuclei  of  the  liver  cells. 
This  occurs  as  a  stippling  due  to  numerous  closely  packed  dots 
and  g^ranules  which  stain  deeply  and  is  suggestive  of  a  premitotic 
activity. 

During  the  fourth,  fifth,  sixth,  and  seventh  days,  the  repair 
progresses  with  great  rapidity  but  shows  few  new  features.  The 
bulk  of  the  necrotic  tissue  is  gradually  replaced  by  the  rapidly  pro- 
fiferating  cells.  Here  and  there,  however,  a  few  isolated  necrotic 
kyaline  masses,  usually  surrounded  by  very  definite  multinucleated 
cells  of  endothelial  origin,  may  be  seen.  Mitotic  figures  in  liver, 
endothelial  and  connective  tissue  cells  are  readily  recognized ;  in 
the  liver  cells  they  are  very  abundant,  three  or  four  occurring 
sometimes  in  a  single  field  of  a  high  power  lens.  This  rapid  for- 
mation of  liver  cells  occurs  not  only  at  the  periphery  but  may, 
by  the  fourth  day,  be  seen  also  in  the  midst  of  the  destroyed 
area.  Intercellular  fibrillse  in  the  new  tissue,  first  recognizable 
on  the  fourth  day,  rapidly  increase  and  are  very  definite  by  the 
seventh  day.  Lymphoid  cell  infiltration  first  becomes  prominent 
at  this  period  and  persists  to  a  moderate  extent  in  the  later 
lesions.  Such  infiltration,  however,  is  more  abundant  in  the 
portal  spaces,  where  there  is  also  a  proliferation  of  connective 
tissue,  tfian  in  the  repair  about  the  necrotic  areas.  The  leuco- 
cytic  infiltration  remains  slight. 

Despite  the  most  careful  study  it  has  been  impossible  at  this 
stage  to  determine  anything  definite  concerning  the  proliferation 
of  the  small  bile  ducts.  Not  infrequently  cells  arranged  in  a  cir- 
cular or  longitudinal  manner  and  closely  resembling  newly- 
formed  Bile  ducts  have  been  seen.  These  have  no  relation  to  ad- 
jacent bile  channels  and  no  definite  lumen.  They  closely  re- 
semble, however,  the  processes  which  Marchand  described  in  yel- 
k>w  atrophy  as  arising  from  isolated  groups  of  liver  cells  and 
assuming  the  appearance  of  pseudo-bile  ducts.  That  they  are 
such  appears  to  be  very  probable,  but  absolute  demonstration  is 
lsK:king  as  it  is  not  possible,  even  in  serial  sections,  to  differen- 
tiate in  the  closely  packed  mass  of  proliferating  endothelial  and 
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connective  tissue  cells  between  them  and  other  newly-formed 
structures.  As  will  be  shown  later,  however,  the  proliferation 
described  by  Marchand  can  be  definitely  demonstrated  in  the 
more  advanced  repair  and  it  is  possible  that  the  ill-defined  struc- 
tures here  described  (fifth  day)  represent  the  earliest  stages  of 
this  process. 

Of  the  lesions  beyond  the  seventh  day,  some  on  account  of  the 
small  areas  involved  in  the  primary  necrosis  are  unfortunately  of 
little  value  in  studying  the  intermediate  stages  of  repair.  In  all, 
however,  there  is  a  very  clear  picture  of  the  gradual  transforma- 
tion of  the  young  granulation  tissue  into  a  very  definite  connec- 
tive tissue  and  of  the  slow  replacement  of  the  latter  tissue  by 
newly-formed  liver  cells,  but  no  new  features  are  presented.  In 
one  (eleventh  day)  endothelial  cells  in  which  red  blood  cells  arc 
frequently  seen  are  very  numerous ;  in  another  (twenty-fifth  day) 
lymphoid  and  plasma  cells,  usually  present  in  but  small  numbers, 
are  very  abundant  in  and  about  the  portal  spaces. 

The  lesions  of  these  intermediate  stages,  as  well  as  the  minute 
necroses  of  earlier  periods,  have  been  studied  carefully  to  deter- 
mine whether  small  areas  of  necrosis  may  be  repaired  by  pro- 
liferation of  liver  cells  alone  without  the  formation  of  new  con- 
nective tissue.  Without  going  into  detail  it  may  be  stated  that 
such  repair,  except  in  minute  areas  involving  but  a  few  cells,  has 
not  been  noted.  In  small  areas  the  new  formation  of  liver  cells 
may  be  so  abundant  that  the  appearance  may  be  that  of  simple 
hyperplasia  of  the  parenchyma,  but  by  careful  study  and  the  use 
of  special  stains  a  new  formation  of  the  supporting  tissue  above 
that  necessary  for  simple  restitution  can  always  be  determined. 
There  is,  on  the  other  hand,  very  definite  evidence,  based  upon  a 
comparative  study  of  late  lesions  of  varying  extent,  that  the 
superfluous  connective  tissue  may  be  reduced  to  a  minimum 
when  the  full  development  of  the  new  liver  cells  is  reached. 
Moreover,  it  can  be  definitely  stated  that  in  the  smaller  necroses 
a  new  formation  of  bik  ducts  does  not  occur ;  such  proliferation 
takes  place  apparently  only  after  the  destruction  of  large  areas 
of  liver  tissue. 

The  most  advanced  stage  of  repair  occurring  in  this  series  was 
seen  in  an  animal  killed  on  the  thirty-sixth  day.  The  condition 
present,  essentially  a  cirrhosis,  may  be  described  in  a  general 
way  as  a  replacement  of  very  extensive  necrotic  acreas  by  broad 
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bands  of  very  vascular  connective  tissue.  In  and  about  the  new 
tissue  important  changes  in  the  liver  cells,  as  well  as  an  excessive 
formation  of  new  bile  ducts,  are  seen.  The  liver  cells  outside  of 
the  zone  of  new  tissue  are  compactly  arranged,  often  irregular 
in  shape  and,  at  the  extreme  edge  of  the  reactive  process,  even 
misshapen.  The  majority  stain  normally,  but  some  are  swollen 
and  pale  with  a  stippling  of  the  nucleus.  Mitotic  figures  may 
still  be  seen  in  such  cells  but  they  are  widely  scattered.  Between 
these  more  nearly  normal  liver  cells  and  the  new  fibrous  tissue  is 
a  narrow  margin  in  which  fragments  of  necrotic  liver  cells  still 
persist.  Into  this  zone  from  the  periphery  project  large  multinu- 
cleated liver  cells  very  irregular  in  shape.  Similar  cells,  with 
oftentimes  ten  to  fifteen  deeply  staining  nuclei,  surround  frag- 
ments of  necrotic  cells.  Some  of  these  giant  cells  are  in  con- 
tinuity with  the  strands  of  normal  liver  cells,  while  others  are  en- 
tirely isolated.  Such  cells  may  contain  four  or  five  hyaline  par- 
ticles which  they  apparently  englobe  and  disintegrate.  These 
multinucleated  masses  are  essentially  foreign  body  giant  cells 
and  though  a  few  of  the  smaller  cells  are  certainly  of  endothelial 
origin  the  majority  appear  to  be  altered  liver  cells.  The  pro- 
toplasm, which  is  large  in  amount,  is  characteristic  of  that  of  the 
liver  ccM  in  every  way  and,  moreover,  these  cells  not  infrequently 
may  be  seen  in  direct  continuity  with  strands  of  liver  cells  of 
normal  appearance.  Isolated  giant  cells  of  similar  structure  but 
without  inclusions  are  also  seen.  The  material  enclosed  is  in 
greater  part  hyaline  necrotic  fragments  of  liver  cells,  but  consists 
also,  as  determined  by  micro-chemical  tests,  of  calcified  material, 
occurring  as  smooth,  almost  colorless  disks.  Between  these  cells 
a  fine  connective  tissue  penetrates,  but  the  great  bulk  of  this  zone 
is  made  up  of  giant  cells.  Similar  cells  are  also  seen  in  the  midst 
of  the  denser  fibrous  tissue,  sometimes  occurring  singly,  but  more 
frequently  in  connection  with  isolated  islands  of  liver  tissue. 

A  careful  study  of  these  cells  leads  to  but  one  conclusion. 
They  are  altered  liver  cells  which  have  developed  as  the  result 
of  an  irregular  type  of  nuclear  division  and  which  have  acquired 
phagocytic  powers  which  allow  them  to  englobe  and  destroy 
necrotic  material.  Tliere  is  a  possibility  that  they  may  be  formed 
by  the  fusion  of  several  liver  cells  surrounding  necrotic  particles, 
but  the  occurrence  of  isolated  multinucleated  celk  without  inclu- 
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sions  indicate  that  such  an  explanation  is  not  applicable  to  all 
these  masses  (see  Fig.  3). 

These  cells  are  entirely  different  from  the  multinucleated  struc- 
tures formed  by  the  advancing  sprout  of  a  new  bile  as  described 
by  Podwyssozki  and  have  not,  as  far  as  I  can  determine,  been 
previously  described.  McPhedran  and  MacCallum"  in  their 
account  of  the  histology  of  acute  yellow  atrophy  in  man,  picture 
somewhat  similar  structures,  but  in  their  description  refer  to  them 
as  cells  of  the  bile  ducts.  They  also  describe  both  endothelial 
and  hepatic  cells  containing  inclusions,  but  not  the  multinucleated 
type  of  liver  cell  about  necrotic  fragments. 

Proliferation  of  the  bile  ducts  while  most  evident  in  the  new 
tissue  is  seen  also  in  the  adjacent  normal  liver.  In  the  latter 
location,  from  the  canals  of  medium  size,  a  solid  process  of  new- 
ly-formed cells  may  not  infrequently  force  its  way  between  the 
normal  liver  cells  and  penetrate  the  zone  of  multinucleated  cells. 
Oftentimes  these  strands,  which  are  never  canalized,  show  a  divi- 
sion into  terminal  sprouts  composed  of  conglomerate  masses  of 
cells  resembling  in  a  rough  way  giant  cells. 

Within  the  new  connective  tissue  new  bile  ducts  are  very 
numerous.  In  serial  sections  these  may  sometimes  be  seen  to 
have  a  connection  with  normal  ducts,  but  more  frequently  they 
have  no  such  connection  and  appear  to  be  the  results  of  the  pro- 
liferation of  persisting  fragments  of  canals  which  had  escaped 
the  primary  necrosis.  For  the  most  part  they  are  solid  processes 
with  irregular  swollen  branchings  or  sprouts.  Many  of  these 
budding  processes  have  on  cross  section,  as  has  been  noted  by 
Podwyssozki,  the  appearance  of  giant  cells. 

Those  which  have  a  distinct  lumen  are  usually  widely  dilated 
and  are  either  empty  or  contain  a  few  leucoc)rtes  or  desquamated 
cells.  Such  are  usually  irregular  and  tortuous  with  one  or  more 
solid  branching  processes.  In  form  and  structure  the  cells  of 
which  they  are  composed  are  intermediate  between  the  true  liver 
cell  and  the  epithelium  of  the  normal  bile  duct  (see  Fig.  4). 
They  are  usually  irregular,  or  polyhedral  in  shape,  though  often 
oval  but  never  cylindrical.  They  have  a  large  amount  of  pro- 
toplasm which  tends  to  stain  lightly  with  eosin  and  closely  re- 
sembles that  of  the  liver  cell.  In  the  solid  masses  the  protoplasm 
is  not  so  evident.  The  nuclei  are  round  or  oval  and,  as  a  rule, 
vesicular.    That  these  strucures  are  truly  newly-formed  is  shown 
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by  the  presence  of  mitotic  figures  which  though  not  numerous 
may  be  found  without  great  difficulty.  In  the  older  portions  of 
the  solid  processes,  as  well  as  in  the  distinctly  tubular  structures, 
not  infrequently  may  be  found  single  cells  much  larger  than  the 
others  and  with  protoplasm  very  similar  to  that  of  the  fully  de- 
veloped liver  cell.  Similar  cells  of  varying  size  may  also  be  seen 
in  the  adjacent  connective  tissue  either  as  isolated  cells  or,  more 
rarely,  attached  to  the  new  bile  duct  by  a  thin  thread  of  pro- 
toplasm. Such  pictures  indicate  conclusively  that  liver  cells  are 
formed  from  these  structures.  The  formation  of  new  liver  cells 
from  the  terminal  budding  process  I  have  not  observed,  though 
It  is  very  probable,  as  Podwyssozki  states,  that  they  may  event- 
ually become  isolated  and  be  transformed  into  liver  cells.  At  the 
stage  here  studied  such  transformation  has,  however,  not  been 
seen. 

In  addition  to  these  processes,  concerning  the  origin  of  which 
from  preexisting  bile  ducts  there  can  be  no  question,  other  cell 
strands  of  very  similar  structure  which  are  formed  with  equal 
certainty  by  a  proliferation  of  liver  cells  are  occasionally  seen. 
These  are  always  connected,  with  the  normal  liver  substance  at 
the  periphery  or  with  small  islands  of  liver  cells  persisting  in  the 
center  of  the  new  tissue.  They  occur  as  closely  massed  double 
rows  of  cells  or  as  groups  of  cells,  usually  with  budding  proc- 
esses, but  never  canalized.  The  cells  of  which  they  are  com- 
posed are  similar  to  those  of  the  solid  processes  arising  from  per- 
sisting bile  ducts  and  from  such  processes  they  cannot  be  dis- 
tinguished in  their  terminal  portions;  but  upon  tracing  them  to 
their  origin  they  are  found  to  be  connected  with  true  liver  cells. 
The  transition  of  the  liver  cells  is  gradual  and  all  stages  can  be 
traced  (see  Fig.  3).  The  point  of  most  abrupt  change  is  usually 
at  the  narrowest  part  of  the  strand.  That  these  structures  may 
later  become  canalized  is  possible,  but  it  seems  more  probable  that 
they  represent  rapidly  growing  cells  which  later  develop  into 
typical  liver  cells.  Such  transformation,  however,  has  not  been 
observed.  That  these  strands  are  not  the  result  of  compression 
of  liver  cells  is  shown  by  the  fact  that  the  most  active  growth  is 
in  the  distal  portion  and  in  the  midst,  as  a  rule,  of  necrotic  cells 
or  newly-formed  fibrous  tissue.  These  structures  are  apparently 
very  similar  to  those  seen  by  Marchand  in  acute  yellow  atrophy 
of  the  liver. 
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Summary. 
In  the  necroses  of  the  dog's  liver,  due  to  the  injection  of 
hemagglutinative  sera,  the  first  evidence  of  repair  is  the  occur- 
rence after  thirty-eight  hours  of  mitotic  figures  in  the  liver  cells. 
At  the  end  of  the  second  day  these  have  greatly  increased  and  a 
considerable  proliferation  of  endothelial  cells  has  occurred  in  and 
about  the  necrotic  areas.  These  last  tend  to  encapsulate  the 
necrotic  cell  fragments.  From  the  third  to  the  seventh  day  these 
processes  advance,  and  with  the  formation  of  a  young  granula- 
tion tissue,  the  necrotic  areas  are  largely  replaced.  While  there 
is  some  evidence  that  areas  of  necrosis  involving  only  a  few  cells 
may  be  repaired  by  proliferation  of  liver  cells,  without  the  forma- 
tion of  connective  tissue,  in  all  areas  of  appreciable  size  the  latter 
is  a  prcMninent  feature.  I^ter,  however,  as  the  liver  cells  in- 
crease they  replace  the  connective  tissue  to  g^eat  extent.  The 
coarser  bands,  however,  remain.  Throughout  the  entire  process 
of  repair  the  great  power  of  the  liver  cells  to  increase  by  indirect 
division  is  the  most  striking  feature.  In  the  late  stages  of  the  re- 
pair of  extensive  necrosis  many  multinucleated  liver  cells,  most  of 
which  surround  fragments  of  necrotic  cells,  may  be  seen  between 
the  normal  liver  and  the  dense  bands  of  new  tissue.  Here  are 
seen  also  numerous  giant  liver  cells  without  inclusions.  New 
bile  ducts  formed  from  the  uninjured  larger  ducts  or  from  per- 
sisting fragments  of  the  smaller  canals,  aid,  by  a  transformation 
of  their  cells  into  liver  cells,  in  the  restitution  of  the  liver  paren- 
chyma. The  formation  of  new  ducts  and  the  transformation  of 
their  epithelium  into  liver  cells  occurs,  however,  only  when  large 
areas  of  liver  substances  are  destroyed.  Other  cell  strands,  of 
the  general  appearance  of  new  bile  ducts,  are  formed  to  a  slight 
extent  by  the  direct  proliferation  of  liver  cells. 
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EXPLANATION  OP  PLATB  II. 

Pig.  I.  Mitotic  figure  in  a  liver  cell  in  the  neighborhood  of  a  necrotic  area.  Thirty- 
eigjii  hours.     4  oc.,  A  obj..  Leitz. 

Pio.  9.  Bdge  of  necrotic  area  showing  proliferation  of  endothelial  cells  and 
tendency  of  latter  to  encapsulate  necrotic  cell  fragments.  In  the  center  is  a  necrotic 
cell  containing  a  poljrmorphonudear  leucocyte.     Sixty  hours.    4  oc..  7  obJ..  Leita. 

Pio.  3.  Solid  process  of  cells  formed  by  proliferation  of  liver  cells  and  resembling  a 
branching  non-canatixed  newly-formed  bile  duct.  Below  Is  a  multinucleated  liver 
cell  incloeing  necrotic  cell  fragments;  above  is  a  similar  giant  cell  without  indttsions. 
Thirty-six  days.    4  oc.,  7  obj..  Leitz. 

Pio.  4.  A  newly-formed  bile  duct  in  which  may  be  seen  a  mitotic  figure  and  ceUs  of 
a  tyiw  intermediate  between  true  liver  ceUs  and  the  epithelium  of  the  normal  bile  duct. 
Thirty-six  days.     4  oc..  A  obj..  Leits. 
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Plate  III. 

Our  search  of  the  literature  dealing  with  the  anatomical  and 
histological  findings  in  man  or  animals  dead  of  diphtheria,  tet- 
anus, or  streptococcus  infections,  either  natural  or  artificial,  has 
failed  to  reveal  to  us  definite  records  of  the  conditions  similar  to 
those  which  we  are  about  to  describe.f 

Law  in  his  extensive  work  on  veterinary  medicine  gives  no  de- 
scriptions of  liver  necrosis  in  the  horse  exactly  comparable  to  the 
condition  in  our  series.  However,  from  the  statements  in  his 
chapter  on  "  Hepatic  Hemorrhage  and  Rupture  "  we  gather  the 
impression  that  various  degenerations  of  liver  cells  and  subse- 
quent traumatic  hemorrhage  and  rupture  of  the  capsule  are  far 
more  common  in  the  horse  than  in  man.  From  his  pathological 
and  clinical  descriptions  the  usual  cases  of  hemorrhage  and  rup- 
ture are  undoubtedly  much  milder  than  those  in  our  horses,  as 
the  latter  rarely  live  over  ten  minutes  after  the  onset  of  symp- 
toms, while  he  gives  five  hours  to  five  days  as  the  period  of  du- 
ration. 

Klitine^  calls  attention  to  fatty  degenerations  of  the  liver  cells 
of  guinea-pigs,  the  subjects  of  chronic  experimental  diphtheria. 
Dzierzowsky'  also  mentions  the  occurrence  of  fatty  degeneration 
of  the  livers  of  horses  which  have  been  used  in  diphtheria  anti- 
toxin production. 

*Read  at  the  Sixth  Annxaal  Meeting  of  the  American  Anociation  of  Pathologiitts  and 
Bacteriologists  held  at  Baltimora  May  i8,  1906.  PubUshed  in  Jour.  Infect.  D%s§asf$,  1906, 
iU,  619. 

fThat  liver  necroses  have  been  frequently  found  in  horses,  the  subjects  of  diphtheria  an- 
titoxin production,  is  no  secret  to  many  of  those  in  charge  of  Utxmitories  where  such  work 
Is  carried  on.  but  no  description  of  this  condition  has  been  published  as  far  as  wa  have 
been  able  to  learn. 

Mfdi.  d.  Sci.  B4ot.  (St.  Pctersbars),  1900.  viii  a. 

^Jbid,  1909.  ix.  S93. 
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Pcttit  and  Girard*  found  complete  necrosis  of  the  ^leen  in  a 
horse  used  in  the  production  of  antiplague  serum. 

We  have  to  report  the  finding  at  autopsy  of  more  or  less  dif- 
fuse necrosis  of  the  liver,  or  thrombosis  of  some  of  the  branches 
of  the  portal  or  splenic  veins  or  of  the  pulmonary  artery,  either 
alone  or  in  combination,  in  twelve  horses.  These  animals  had  been 
subjected  to  repeated  subcutaneous  injections  of  the  artificially 
produced  toxins  of  the  diphtheria  or  the  tetanus  bacillus,  or  of 
the  various  preparations  of  living  or  dead  cultures,  or  of  suspen- 
sions of  dysentery  bacilli  or  streptococci.  In  this  series  there  are 
seven  horses  treated  with  diphtheria  toxin,  two  with  tetanus,  two 
with  streptococcus,  and  one  with  dysentery.  A  horse  treated 
with  diphtheria  toxin  and  killed  because  of  its  crippled  condition 
is  added  to  the  series  for  purposes  of  comparison,  as  its  organs 
were  found  to  be  normal.     (See  Table  i.) 

Superficial  postmortem  examinations  were  made  of  the  first 
three  diphtheria  horses,  and  incomplete  autopsies,  in  that  no  spe- 
cial search  for  thrombosis  was  made,  on  the  second  three  horses 
in  the  series.     (See  Table  i.) 


TABLE  I. 
Sbowino  Autopsy  Pindimos  Rblatino  to  Necrosis  and  Thrombosis.* 


Sbryicb. 
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II:::: 
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+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
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^Compi.  f9nd  dt  la  Soe.  dt  BM.,  1905,  Iviii.  ara. 

*The  horses  reported  upon  in  this  series  include  all  those  which  have  died,  or  have  beea 
killed,  after  a  year  and  a  half  of  service  under  the  various  treatments,  since  the  observa- 
tions were  started. 

fHorses  59  and  57  were  killed  because  they  were  in  such  a  disturbed  state  that  it  was 
impossible  to  control  them.  Horse  56  was  hardly  able  to  walk  on  account  of  the  neariy 
immovable  condition  of  the  joints  of  its  legs,  and  as  its  serum  was  of  no  value  it  was 
killed  as  a  matter  of  economy.     Ita  tissues  were  normal. 
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As  we  have  not  been  fortunate  enough  to  be  present  when  any 
of  the  horses  died  from  the  effects  of  hemorrhage  and  rupture  of 
the  liver,  we  are  unable  to  give  a  detailed  clinical  picture  of  the 
symptoms  preceding  death  in  these  cases.  The  general  condi- 
tions as  described  by  an  attendant  are  as  follows:  The  animals 
are  apparently  in  their  usual  condition.  They  may  have  recently 
eaten  a  normal  meal.  Attention  is  first  attracted  to  them  by  a 
rapid  noisy  breathing.  The  animal  exhibits  signs  of  cdlapse, 
and  shortly  falls  to  the  floor.  The  breathing  becomes  very  la- 
bored and  the  animal  struggles.  This  stage  is  followed  by  a 
rapid  and  progressive  loss  of  power,  and  death  ensues.  The 
whole  course  may  not  last  over  ten  minutes. 

At  autopsy  the  peritoneal  cavity  contains  a  very  large  amount 
of  fluid  blood  or  serum  and  clots.  The  liver  is  usually  very  soft 
and  friable,  and  is  handled  with  difficulty.  The  capsule  presents 
one  or  more  ruptures,  and  at  such  places  the  liver  substance  is 
broken  up  into  stringy  fragments,  interspersed  with  blood  clots. 
(See  Figure  i.) 

Our  attention  was  first  called  to  the  occurrence  of  thrombosis 
in  association  with  diffuse  necrosis  of  the  liver  by  the  findings  at 
the  autopsy  of  Horse  21,  which  occurred  April  9,  1905.  As  is 
shown  in  Table  i,  this  animal  had  been  in  active  service  for  the 
production  of  tetanus  antitoxin  for  a  period  of  over  three  years, 
and  was  in  apparent  excellent  physical  condition  when  she  died 
in  the  manner  already  described.  As  the  protocol  of  this  animal 
gives  a  fairly  representative  picture  of  the  conditions  found  in 
the  other  horses  in  the  series,  it  will.be  given  in  full. 

On  opening  the  abdomen  a  large  amount  of  bloody  fluid  escapes  and 
.many  light  red  clots.  The  intestines  are  distended.  The  glands  of  the 
mesentery  in  the  ileocolic  region  are  enlarged  and  soft  The  liver  for  the 
most  part  presents  a  yellowish-gray  color;  within  the  right  lobe  an 
encapsulated  hemorrhagic  mass.  On  section  it  is  found  that  the  entire 
liver  is  necrotic,  presenting  a  grayish  color  and  a  consistence  resembling 
that  of  thick  oatmeal.  In  some  places  there  is  added  to  this  the  yellowish 
tinge  of  bile.  Tht  hemorrhage  in  the  right  lobe  is  found  to  be  sub- 
capsular and  infiltrates  the  liver  substance.  It  is  essentially  a  hematoma 
beneath  the  capsule.  No  remnant  of  normal  liver  can  be  made  out. 
Everywhere  with  slight  pressure  the  liver  substance  can  be  remoyed 
leaving  only  the  connective  tissue  framework. 

The  portal  veins  at  their  entrance  to  the  liver  are  everywhere  filled  with 
smooth,  firm,  yellowish-white  clots  but  slightly  streaked  with  red.  (See 
Fig.  2.)  These  clots  project  into  all  the  smaller  branches  and  arc 
definitely  adherent  to  the  vessel  wall.     In  most  instances  they  completely 
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To  Illustrate  Drs.  Pease  and  Pearce's  Article  on  ''  Liver  Necrosis  and 
Venous  Thrombosis  in  Horses." 

Albany  Medical  Annals,  January,  igoj. 


Fig.  I. — Necrosis,  Hemorrhage,  and  Rupture  of  Liver,     Horse  43. 


Fig.  2, — Thrombosis  of  Portal  Vein.     Horse  21. 
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occlude  the  vessels  in  which  they  lie.  On  section  through  the  liver  small, 
firm,  yellow,  rigid  clots  protrude  from  the  surface.  The  hepatic  artery 
is  free  as  are  also  the  aorta  and  vena  cava. 

The  spleen  shows  slight  thickening  of  the  capsule,  and  on  section  are 
found  here  and  there  a  few  soft  swollen  areas  of  a  darker  red  than  the 
surrounding  tissue  and  in  the  center  of  each  a  clot  similar  to  those  found 
in  the  liver.  On  dissecting  the  main  branch  of  the  splenic  vein  an 
.adherent  thrombus  can  be  followed  for  some  distance.  The  splenic  artery 
is  free. 

There  is  no  accumulation  of  fluid  in  either  pleural  or  pericardial  cavity. 
The  heart  is  pale,  but  otherwise  negative.  The  lungs  are  pale  and  neither 
congested  nor  edematous.  There  are  no  thrombi  in  the  pulmonary,  cor- 
onary, or  other  vessels  of  the  thorax.  The  kidneys  are  pale  and  cloudy. 
The  adrenals  are  swollen  and  soft. 

Careful  examination  of  the  vascular  system  shows  no  thrombi  in  vesseb 
other  than  those  of  liver  and  spleen. 

Anatomical  diagnosis. — ^Widespread  necrosis  of  liver.  Hematoma  of  the 
liver.  Focal  hemorrhages  in  the  spleen.  Hemoperitoneum.  Thrombosis 
of  the  portal  and  splenic  veins. 

Histology,  Liver. — Sections  taken  at  random  from  different  portions  of 
the  liver  show  practically  complete  necrosis  without  leucocytic  infiltration. 
Here  and  there  the  nuclei  in  small  portions  of  a  lobule  may  be  dis- 
tinguished, as  may  also  those  of  the  structures  in  the  larger  portal  spaces, 
but  otherwise  the  destruction  is  complete.  Much  bile  pigment  is  present 
in  the  necrotic  cells. 

Sections  passing  through  the  periphery  of  the  hematoma  in  the  right 
lobe  show  this  mass  to  be  surrounded  by  a  definite  fibrous  capsule  from 
which  prolongations  pass  into  the  adjacent  necrotic  tissue.  In  this  fibrous 
tissue  is  a  diffuse  deposition  of  old  blood  pigment. 

Other  sections  show  loose  granulation  tissue  penetrating  and  replacing 
the  blood  clot  Here  and  there  in  the  older  portions  are  newly  formed 
bile  ducts  and  liver  cells,  the  latter  being  large,  pale,  and  multinucleated. 

Sections  through  five  thrombi  differing  in  size  show  a  uniform  structure 
— ^a  definite  network  of  fibrin  enmeshing  large  numbers  of  leucocytes.  At 
the  periphery  the  fibrin  is  compact  and  hyalin,  forming  broad  bands. 
Small  bands  of  similar  hyalin  are  found  also  in  the  other  portions.  Only 
an  occasional  red  corpuscle  is  seen. 

Spleen. — Section  through  the  occluded  vein  shows  a  thrombus,  similar 
in  structure  to  those  found  in  the  liver  and  intimately  adherent  to  the 
vessel  wall,  which  is  greatly  thinned  and  infiltrated  with  lymphoid  cells. 
In  the  tissues  about  the  vessels  a  diffuse  hemorrhage  has  occurred. 
Elsewhere  the  spleen  is  normal. 

Lymph  nodes. — The  sinuses  are  dilated  and  closely  packed  with  large, 
pale,  endothelial  cells.  These  are  but  slightly  phagocytic.  In  the  lymph 
nodes  are  many  plasma  cells,  with,  however,  no  diminution  of  the 
lymphoid  cells.  Throughout  the  lymphoid  tissue  is  an  abundant  deposition 
of  old  blood  pigment.  • 

Adrenal. — Normal. 
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Lung, — Congestion,  moderate  edema  in  focal  areas  and  slight  thickening 
of  walls  of  alveoli. 

Kidney, — Cloudy  swelling  of  epithelium  of  tubules,  few  foci  of  lymproid 
cell  infiltration. 

Heart  muscle, — Qoudy  swelling. 

Histological  diagnosis, — Necrosis  of  liver  with  repair  about  hematoma. 
Mixed  thrombi  of  portal  vesseb.  Thrombosis  of  splenic  veins  with 
perivascular  hemorrhage.  Endothelial  hyperplasia  of  lymph  nodes  with 
deposition  of  old  blood  pigment.  Congestion  and  edema  of  lung.  Cloudy 
swelling  of  heart  and  kidney. 

Abstracts  from  Clinical  Histories  and  Protocol. 

Horse  ii.-^ linical  ho/^j.— Horse  about  lo  years  old.  Used  in  the 
diphtheria  service.  Had  stiff  leg  joints  at  time  of  entering,  which  grad- 
ually became  worse  until  horse  was  almost  constantly  confined  to  its 
stall. 

The  maximum  antitoxin  strength  of  its  serum  was  approximately  500 
units  per  cc  During  the  last  six  months  of  its  life  the  horse  showed 
progressive  emaciation.  After  a  year  and  11  months  of  treatment  the 
horse  suddenly  developed  the  usual  symptoms  of  hepatic  rupture,  and  died 
in  a  few  minutes. 

Autopsy  notes. — A  superficial  examination  shows  diffuse  necrosis  and 
hemorrhage  of  the  liver,  with  rupture  of  the  capsule  and  consequent 
hemoperitoneum. 

HoRSS  17, "Clinical  notes. — Sound  horse  of  uncertain  age.  Diphtheria 
service.  Always  remained  well  and  active  during  period  of  treatment  of 
two  years  and  one  month.  Antitoxic  strength  of  serum  varied  from 
200  to  400  units  per  cc. 

The  animal  retained  its  usual  weight  until  death,  which  occurred  sud- 
denly after  the  development  of  the  usual  symptoms  of  hepatic  rupture. 

Autopsy  notes, — Examination  incomplete.  Diffuse  necrosis  of  the  liver 
with  hemorrhage,  rupture,  and  hemoperitoneum. 

Horse  28. — Clinical  notes, — ^Sound  horse  about  la  years  old.  Diphtheria 
service.  Active  during  entire  period  of  treatment  of  two  years.  Maxi- 
mum antitoxic  strength  of  serum  400  units  per  cc.  Gradual  loss  of  flesh 
during  last  two  months  of  life.  Had  frequent  abscesses  at  the  sites  of 
injection  with  accompanying  high  temperatures.    Died  during  the  night 

Autopsy  notes. — Examination  incomplete.  Diffuse  necrosis  of  the  liver, 
with  hemorrhage,  rupture,  and  hemoperitoneum. 

Horse  36. — Clinical  notes. — Sound  horse  about  10  years  of  age.  Dysen- 
tery service.  Progressively  increasing  doses  of  autolyzed  suspensions  of 
surface  growth  of  agar  cultures  of  two  strains  of  B.  dysenteriae  were 
injected  alternately  into  this  horse.  They  produced  very  severe  reactions, 
during  which  the  temperature  would  often  rise  to  104*  F.,  or  over,  and 
the  site  of  the  injection  would  become  very  much  swollen  and  painful, 
and  the  animal  would  refuse  to  eat  for  several  days. 

After  a  total  of  496  cc.  of  these  autolyzed  suspensions  of  dysentery 
bacilli  had  been  administered,  living  broth  cultures  of  the  same  strains 
were  administered.    They  caused  much  less  vigorous  systematic  reactions. 
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About  seven  weeks  before  death  the  animal  developed  a  severe  dkrrbea* 
which  was,  checked  with  difficulty.  It  also  began  to  lose  weight,  and 
finally  became  much  emaciated.  The  animal  was  found  dead  early  in  the 
morning. 

Autopsy  notes, — ^Diffuse  necrosis  pf  the  Hver  with  hemorrhage,  rupture, 
and  hemoperitoneum.  Other  organs,  including  intestinal  mucous  mem- 
brane, normal  microscopically.  Cultures  from  the  usual  organs  were 
negative.  No  thrombosis  was  noted  in  any  of  the  vessels  of  the  liver, 
^leen,  or  lungs,  but  attention  was  not  directed  particularly  toward  this 
point 

Histological  diagnosis. — Intense  diffuse  granular  degeneration  with 
irregular  focal  areas  of  necrosis  in  the  liver. 

HossE  37. — Clinical  notes. — Sound,  active  horse  of  about  13  years  of 
age.  Streptococcus  service.  Received,  in  gradually  increased  doses,  a 
total  of  about  three  and  a  half  liters  of  autolyzed  salt  solution  suspensions 
of  a  rabbit-virulent  streptococcus,  g^own  on  the  surface  of  large  agar 
plates,  and  later  about  half  a  liter  pf  broth  cultures  of  the  Same 
streptococcus.  Small  subcutaneous  abscesses  folk>wed  the  later  injectiooa. 
The  animal  retained  its  weight  and  activity  during  the  treatment.  It 
was  found  dead  one  morning. 

Autopsy  no/^j.— Diffuse  necrosis  of  the  liver  with  hemorrhage,  rupture, 
and  hemoperitoneum. 

Horse  2l^-~Clinical  no^w.— Streptococcus  service.  Age  uncertain,  but 
animal  appeared  to  be  at  least  20  years  old.  Had  somewhat  crippled  legs. 
Became  emaciated  durmg  the  last  two  months  of  life.  The  treatment  was 
&e  same  as  was  given  Horse  37  and  was  started  at  the  same  time,  except 
that  another  streptococcus  was  used  This  animal  also  died  during  the 
night,  about  two  weeks  after  the  death  of  Horse  37,  and  the  autopsy 
findings  were  in  general  the  same  as  those  of  that  animal. 

Horse  21. — Clinical  notes. — Sound  active  mare  about  16  years  old. 
Tetanus  service.  Always  well.  Remained  active  and  retained  its  weight 
during  life.  She  died  m  the  manner  already  described.  (Full  protocol 
will  be  found  in  the  text) 

Horse  29.— C/mfcoi  notes. — ^Sound  active  horse  about  10  years  of  age. 
Tetanus  service.  Remained  well  until  about  two  months  before  death, 
when  it  had  frequent  rises  of  temperature  and  difficulty  of  breathing 
which  were  directly  due  to  the  toxin  injections.  During  the  last  half- 
year  had  frequent  acute  abscesses  at  sites  of  injection.  This  horse  died 
in  the  manner  already  described. 

Autopsy  notes,  anatomical  diagnosis. — Diffuse  necrosis  of  the  liver  with 
subcapsular  hemorrhages  and  rupture.  Hemoperitoneum.  Multiple  thrombi 
of  portal  veins.  Multiple  thrombi  of  pulmonary  arteries.  Multiple 
infarcts  of  the  lungs.    General  lymphatic  hyperplasia. 

Histological  diagnosis. — Necrosis,  congestion,  and  hemorrhage  of  the 
liver.  Thrombosis  of  portal  veins  and  pulmonary  arteries.  Focal  edema 
and  congestion  of  the  Itmgs  with  slight  leucocytic  exudate.  Acute 
endothelial  hyperplasia  of  the  lymph  nodes.  Gmgestion  of  the  spleen. 
Acute  interstitial  (non-suppurative)  nephritis.  Tests  of  liver  and  kidneys 
for  amyk>id  changes  were  negative. 
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HoKSB  59.— C/mtcai  hoI^/.— Diphtheria  service.  Sound  active  horse 
about  10  3reart  old.  After  eight  months  of  treatment  was  taken  suddenly 
while  in  the  paddock  with  difficulty  of  breathing  and  evident  distress. 
Respiration  became  very  rapid  and  labored,  and  at  the  same  time  there 
was  very  marked  spasmodic  tenesmus,  but  no  dung  was  passed.  Pulse 
rate  about  90.  The  horse  became  weaker  as  the  above  condition  con- 
tinued, and  finally  was  unable  to  stand,  and  when  down  struggled  violently, 
so  that  it  became  necessary  to  kill  him  about  five  hours  after  the  onset 
of  the  symptoms.  The  maximum  antitoxic  strength  of  the  sertun  was 
300  units.    The  last  bleeding  occurred  about  10  days  prior  to  death. 

Autopsy  notes,  anatomical  diagnosis, — ^Thrombosis  of  portal  veint. 
Fo«al  hemorrhages  of  liver  and  spleen. 

Histological  diagnosis. — Granular  degeneration  and  focal  hemorrhages 
of  liver.    Leucocytosis. 

HoBSB  57.— C/inw'ai  notes. — Diphtheria  service.  Sound  horse  10  years 
oM.  This  animal  had  lived  under  the  same  conditions  as  the  other  horses 
in  the  service  for  10  months  before  the  treatment  was  begun.  The  toxin 
injections  were  pushed  with  considerable  vigor,  so  that  during  the  four 
months  of  treatment  he  received  14  injections,  and  had  an  average  of 
nearly  3.9  days  of  temperature  over  loi**  F.  for  each  injection  given, 
which  is  the  maximum  for  any  of  the  horses  in  this  series.  The  animal 
appeared  to  stand  them  satisfactorily,  and  gave  a  serum  of  300  units  per 
cc.  at  the  second  bleeding.  Immediately  after  the  third  witlidrawal  of 
eight  liters  of  blood  the  animal  suddenly  fell  to  the  floor  in  a  state  of 
collapse.  Nothing  was  thought  of  this,  as  it  is  not  an  uncommon  occur- 
rence when  larger  amounts  of  blood  are  withdrawn.  The  horse  did  not 
attempt  to  rise  later  on,  and  all  efforts  to  stimulate  the  animal  with 
strychnin,  etc,  and  to  support  him  in  slings,  were  futile.  That  night  and 
the  following  day  he  struggled  violently,  and  could  not  be  quieted  with 
full  doses  of  morphine  or  chloral.  The  next  night,  and  also  part  of  the 
following  day,  he  rested  comfortably.  Later  he  again  became  violent, 
and  as  the  temperature  rose  to  106,  and  as  it  seemed  impossible  to  control 
him,  he  was  killed  in  the  evening.  His  head  and  shoulders  were  badly 
bruised,  and  as  the  autopsy  was  not  performed  until  the  next  morning; 
the  tissues  and  organs  showed  a  well-developed  gas  bacillus  infection  at 
that  time. 

Autopsy  notes,  anatomical  diagnosis. — ^Acute  endarteritis  and  thrombus 
formation  in  the  main  trunk  of  the  pulmonary  artery.  Thrombosis  of 
intrapulmonary  branch  of  left  pulmonary  artery.  Atalectasis  of  portion 
of  left  lung.  Hemorrhagic  infarct  of  left  lung.  Goudy  swelling  of  the 
myocardium.  Fatty  transformation  of  the  liver  with  evidences  of  gas 
bacillus  infection.  No  hemorrhage  or  other  evidence  of  antemortem 
necrosis  was  apparent. 

Histology. — Complete  postmortem  decomposition  with  gas  blebs  in  the 
liver  and  lungs.    Tests  for  amyloid  changes  in  all  organs  were  negative. 

HoRSR  43. — Clinical  notes. — Diphtheria  service.  Sound  horse  about  10 
years  old.  Remained  well  and  active  during  treatment  for  two  years  and 
two  months.  During  the  last  few  months  of  life  was  subject  to  abscess 
formation  at  sites  of  injection.    Its  serum  showed  500  units  per  c.  c.  after 
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three  months  of  treatment,  and  varied  from  that  point  to  700  units  during 
the  next  year,  after  which  time  it  varied  from  300  to  500  units,  until  three 
months  before  death  it  dropped  suddenly  to  below  200  units.  Death 
occurred  in  the  manner  already  described. 

Autopsy  notes,  anatomical  diagnosis, — Extensive  necrosis  of  the  liver 
with  multiple  hemorrhages.  (See  Fig.  i.)  Thrombosis  of  small  brandi 
of  the  portal  vein  in  the  right  lobe.  Rupture  of  encapsulated  hemorrhages 
in  the  peritonetmi.  Hemoperitonetmi.  Thrombosis  of  the  splenic  veins. 
Hemorrhage  and  edema  of  gastrohepatic  lymph  nodes.  Chronic  peri- 
tonitis. 

Histological  diagnosis. — Necrosis  and  amyloid  degeneration  of  the  liver, 
with  moderate  regeneration.  Chronic  hemorrhagic  cysts  of  the  liver. 
Organizing  thrombi  of  portal  and  splenic  veins.  Amyloid  degeneration  of 
Malpighian  bodies  of  spleen.  Proliferation  of  intima  of  splenic  arteries. 
Hemorrhage  and  endothelial  hyperplasia  of  gastrohepatic  lymph  nodes. 

Horse  50. — Clinical  nof«.— Diphtheria  service.  Horse  of  tmccrtain  age, 
of  good  condition  on  entering.  Gradually  became  almost  helpless  through 
stiffness  of  joints  and  blindness.  Had  frequent  abscess  formations  at  sites 
of  injections.  Antitoxic  strength  of  serum  never  over  300  units  cc,  and 
usually  from  200  to  250  units.  Was  found  dead  one  morning,  and  stall 
showed  evidences  of  continued  struggling.  The  front  of  the  stall  was 
covered  with  frothy  mucus.  The  coughing  up  of  this  material  has  never 
been  observed  in  the  horses  dying  from  rupture  of  the  liver. 

Autopsy  notes,  anatomical  diagnosis, — Necrosis  and  hemorrhage  of  left 
lobe  of  the  liver.  Congestion  of  lungs  and  the  right  lobe  of  the  liver. 
General  lymphatic  hyperplasia.  Abscess  of  subcutaneous  tissues  of  back. 
Ooudy  swelling  of  heart  and  kidneys.  Acute  endarteritis  of  left  renal 
artery.  Thickening  of  intima  of  splenic  artery.  Focal  lesions  of  adrenals. 
Chronic  peritonitis. 

Histological  diagnosis. — Congestion,  edema,  hemorrhage,  amyloid  degen- 
eration, and  necrosis  of  the  liver.  Chronic  interstitial  myocarditis.  Sub- 
pericardial  hemorrhage  with  hyalin  degeneration  of  muscle  fibers,  and 
leucocytic  infiltration.  Edema  and  congestion  of  lungs  with  hemorrhages. 
Edema  and  hemorrhages  of  lymph  nodes.  Amyloid  transformation  of 
Malpighian  bodies  of  the  spleen.  Localized  endarteritis  and  mesarteritis 
of  left  renal  artery. 

Horse  56. — Clinical  notes, — Diphtheria  service.  Horse  about  nine  years 
old  on  entering.  Developed  stiffness  of  joints  and  became  badly  crippled. 
Antitoxic  strength  of  its  serum  was  rarely  up  to  300  units  per  c.c,  and 
usually  showed  but  200  um'ts.  After  a  year  and  five  months  of  treatment 
the  animal  was  killed. 

Autopsy  notes. — Macroscopically  and  microscopically  the  liver,  spleen, 
kidney,  pancreas,  adrenals,  lymph  nodes,  lungs,  and  heart  muscle  appeared 
to  be  normal. 

Table  i  presents  a  summary  of  the  findings  relating  to  necrosis 
of  the  liver  and  thrombosis  in  twelve  horses  which  have  presented 
such  changes,  and  also  gives  those  of  one  horse  in  whom  all  the 
organs  were  normal,  although  it  had  been  subjected  to  active 
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treatment  with  diphtheria  toxin  for  a  period  of  a  year  and  fiTe 
mcmths.  The  other  changes  found  in  the  tissues  of  these  twdre 
horses  varied  to  some  extent,  but  such  changes  did  not  differ 
greatly  from  those  to  be  found  in  the  tissues  of  fatal  cases  of 
diphtheria  in  man,  such  as  endothelial  hyperplasia  of  lymph 
nodes,  and  cloudy  swelling  of  kidney  epithelium  and  heart 
muscle,  etc. 

One  or  two  unusual  findings  were,  however,  observed.  In 
Horses  43  and  50,  belonging  to  the  diphtheria  service,  amyloid 
changes  were  observed  in  both  liver  and  spleen,  and  especially  ia 
the  latter,  but  were  not  present  in  the  kidney,  heart  muscle,  or 
lymph  nodes.  These  animals  had  developed  an  unusual  number 
of  subcutaneous  abscesses  at  the  sites  of  the  toxin  injections  dur- 
ing the  later  months  of  their  lives. 

In  the  liver  in  tetanus  horse  21  around  the  margin  of  a  sub- 
capsular hematoma,  and  in  the  necrotic  liver  of  diphtheria  horse 
43  about  the  larger  portal  spaces  were  found  evidences  of  at- 
tempted regeneration  in  the  way  of  newly  formed  false  bile  ducts, 
and,  especially  in  the  latter  horse,  of  columns  of  newly  formed 
liver  cells.  In  the  necrotic  livers  of  the  other  horses  there  were 
no  evidences  of  repair.  Also  in  the  tetanus  horse  29  there  were 
evidences  of  beginning  interstitial  nephritis,  of  the  acute  non- 
suppurative type  found  in  diphtheria  of  man,  accompanying 
widespread  disintegration  of  the  epithelium  of  convoluted  tubules. 

A  study  of  Table  i  will  show  that  horses  presenting  necrosis 
of  the  liver  did  not,  in  all  cases,  show  thrombosis  in  any  organ, 
nor  in  animals  presenting  both  conditions  was  the  thrombosis  in 
the  hepatic  veins  always  as  extensive  in  its  distribution  as  the 
necrosis.  On  the  other  hand,  two  diphtheria  horses  presented 
thrombosis  without  evidences  of  liver  necrosis.  Unless,  there- 
fore, the  thrombosis  in  some  instances  is  secondary  and  depen- 
dent upon  the  necrosis,  and  in  other  cases  upon  other  conditions, 
we  cannot  attach  much  significance  to  their  fairly  close  associa- 
tion. 

That  the  necrosis  is  not  usually  of  sudden  or  rapid  development 
is  shown  by  the  fact  that  the  livers  of  two  horses,  tetanus  horse 
21  and  diphtheria  horse  43,  presented  encapsulated  hematomas  of 
various  sizes  scattered  throughout  the  liver  substance.  The 
thickness  of  the  capsules  and  the  character  of  their  contents  in- 
dicated their  formation  at  least  several  months  prior  to  death. 
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which  in  turn  demonstrated  the  still  earlier  existence  of  exten- 
wvc  necrosis. 

With  the  object  of  ascertaining  whether  there  existed  any  com- 
mon factor  in  the  clinical  histories  of  these  horses  which  might 
assist  in  arriving  at  either  the  etiology  of  the  liver  necrosis  or 
tfie  thrombosis,  or  of  both,  the  individual  factors  in  the  history 
of  each  horse  which  has  died  since  these  conditions  were  noted, 
have  been  worked  out  and  are  compared  in  Tables  i,  2,  3  and  4. 

It  is  evident  from  the  fact  that  some  horses  in  the  diphtheria, 
tetanus,  streptococcus,  and  dysentery  services  presented  diffuse 
necrosis  of  the  liver,  that  this  condition  is  not  due  to  any  spe- 
cial pathogenic  property  of  any  one  of  the  organisms  used  in  thie 
immunizations.  If,  however,  it  is  the  result  of  the  activity  of 
some  bacterial  property,  it  is  not  necessary  to  suppose  that  the 
agent  in  all  cases  belongs  to  either  the  soluble  toxins  or  the  so- 
called  bacterial  endotoxins,  for  the  reason  that  the  tetanus  horses 
received  only  toxin  which  had  been  filtered  through  Pasteur- 
Chamberlain  filters,  and  consequently  no  bacterial  bodies  were  in- 
jected; and,  on  the  other  hand,  the  streptococcus  horses  which 
received  large  amounts  of  dead  cultures  were  equally  affected. 

It  hardly  seems  probable  that  any  of  the  constituents  of  the 
various  media  used  in  the  preparation  of  the  toxins  and  toxic 
products,  such  as  the  meat  extractives,  peptone,  etc.,  could  be 
the  causative  agent  of  the  liver  necrosis,  for  the  reason  that  the 
two  horses  of  the  streptococcus  service  (37  and  38)  received 
only  about  500  c.c.  of  broth  containing  such  materials  during  a 
period  of  about  one  and  three-quarters  years,  the  other  later  in- 
jections consisting  of  suspensions  of  bacteria  or  their  bodies  in 
irfiysiological  salt  solution.     (See  Table  2.) 

Neither  can  any  effect  produced  by  the  repeated  abstraction  of 
blood  from  such  horses  be  the  main  cause  of  the  liver  necrosis, 
for,  as  is  seen  in  Table  2,  Horse  36  in  the  dysentery  service  was 
bled  only  one  liter  on  a  single  occasion,  and  the  streptococcus 
horses  37  and  38  had  bled  eight  liters,  abstracted  on  only  six  and 
seven  occasions  respectively  during  a  period  of  a  year  and  three- 
quarters.  On  the  other  hand.  Horse  56  of  the  diphtheria  service 
was  bled  eight  liters  on  18  occasions  during  a  period  of  a  year 
and  a  half,  and  at  death  its  liver  was  absolutely  normal. 

It  is  likewise  possible  to  exclude  the  antiseptics  used  in  the 
preservation  oif  the  bacterial  toxic  agents  as  an  important  factor 
in  the  production  of  liver  necrosis,  although  nearly  all  the  toxic 
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materials  administered  contained  from  0.3  to  0.5  per  cent  of 
either  carbolic  acid  or  trikresol.  A  study  of  Table  2  will  show 
that  the  actual  amounts  of  these  antiseptics  received  by  the  dif- 
ferent horses  varied  from  about  2.5  ex.  during  11  months  in  the 
case  of  dysentery  horse  36,  and  about  17  and  19  c.c.  in  the  strep- 
tococcus horses  37  and  38  respectively,  to  165  and  235  c.c.  in  the 
tetanus  horses  21  and  29  respectively,  and  from  190  to  385  c.c. 
in  the  various  diphtheria  horses  presenting  necrosis  of  the  liver. 
In  other  words,  the  horses  receiving  the  larger  amounts  of  anti- 
septics lived  the  longer  periods. 

Nor  could  we  explain  the  necrosis  of  the  liver  by  any  general 
disturbance  of  metabolism  due  to  the  injections  of  the  bacterial 
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toxic  agents,  for  some  of  the  animals  which  showed  the  most  dif- 
fuse necrosis  were  to  all  outward  appearances  and  according  to 
their  weight  in  excellent  physical  condition,  as  is  indicated  in 
Table  2. 

There  is  also  no  apparent  reason  for  believing  that  the  condi- 
tions under  which  such  horses  are  kept  in  antitoxin  stables  is  the 
main  factor  in  the  causation  of  the  necrosis.  Diphtheria  horse 
56  was  kept  under  the  same  conditions  as  the  others  for  a  period 
of  a  year  and  a  half,  and  at  autopsy  the  liver  was  normal. 

A  careful  study  of  the  temperature  charts  and  a  knowledge  of 
the  manner  in  which  the  horses  withstood  the  injections  will,  per- 
haps, give  as  likely  an  explanation  of  the  causation  of  the  necrosis 
as  can  be  found.  In  Table  3  will  be  found  the  number  of  days 
during  the  treatment  of  each  horse,  in  which  the  temperature 
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Stood  at  the  various  points  from  loi*^  to  105®+  Fahrenheit.  It 
will  be  seen  that  a  fair  degree  of  uniformity  exists  in  this  number 
of  days  of  fever  in  the  animals  which  had  necrosis  of  the  liver. 
These  increases  of  temperature  cannot  be  accepted,  however,  as 
an  exact  index  of  the  character  of  the  reaction,  as  some  horses 
commonly  have  considerable  fever  without  any  other  manifesta- 
tion of  serious  disturbance  after  toxin  injections.  However,  the 
variations  in  the  temperature  curves  are  due  largely  to  the  type 
of  immunization.  Thus  the  dysentery  horse  had  apparently 
fewer  days  of  temperature  than  those  used  in  the  diphtheria 
work,  but  he  lived  under  the  treatment  only  about  one-half  as 
long  as  the  latter.    It  it  well  known  that  horses  are  particularly 

TABLE  3. 
Sbowimo  Rblatiom  of  RBACTioNt  Dub  to  Toxins  Injbctbd  to  Litbr  Nbckosxs. 
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susceptible  to  injections  of  cultures  of  true  or  paradysentery 
bacilli ;  and  this  horse  withstood  the  injections  very  poorly.  On 
the  other  hand,  the  horses  treated  with  injections  of  even  large 
doses  of  tetanus  toxin  show  only  slight  disturbances,  and  in  har- 
mony with  this  is  the  long  duration  of  the  period  of  treatment  in 
horses  21  and  29,  each  of  which  lived  considerably  over  three 
years.  The  two  streptococcus  horses  withstood  the  injections 
about  as  well  as  the  diphtheria  animals.  Each  lived  approxi- 
mately a  year  and  three-quarters,  and  that  was  nearly  the  average 
life,  a  year  and  eleven  months,  of  the  five  diphtheria  horses. 
As  the  horses  used  in  each  service  Kved  approximately  the 

*No  Hver  aecroeis  in  this  horse. 
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same  length  of  time  under  their  respective  treatments,  and  as 
the  animals  receiving  the  injections  of  the  toxins  causing  the 
milder  reactions  lived  for  considerably  longer  periods  thaa  did 
those  receiving  toxins  producing  the  most  violent  reactions,  and 
as  we  have  excluded  other  possible  factors,  we  are  led  to  the  con- 
clusion that  the  liver  necrosis  is,  without  much  doubt,  mainly  the 
effect  of  the  administration  of  repeated  doses  of  the  bacterial 
products. 

That  some  of  the  other  factors  which  appear  to  be  excluded  by 
our  findings  may  be  contributory  to  the  main  causative  agent  ia 
some  instances  cannot  be  denied. 

A  possible  relationship  between  the  effect  of  the  toxic  products 
of  these  bacteria  on  the  liver  cells  and  the  production  of  antitoxic 
or  other  anti-bodies  is  not  capable  of  either  positive  or  negative 
determination  from  the  available  data. 

In  the  diphtheria  and  tetanus  horses  under  consideration  no 
relationship  can  be  made  out  between  the  course  of  the  necrotic 
changes  in  the  liver  and  the  wdl-known  progressive  decrease  in 
the  antitoxic  strength  of  the  sera  of  some  horses  after  prolonged 
treatment.  Thus  diphtheria  horse  50,  which  had  necrosis  of  the 
liver,  gave  an  antitoxin  of  from  300  to  350  units  per  cubic  centi- 
meter in  only  two  early  bleedings  out  of  a  total  of  15,  the  others 
producing  sera  of  from  200  to  250  units.  On  the  other  hand 
Horse  56,  which  showed  a  normal  liver  when  killed  after  an  im- 
munization life  of  one  year  and  five  months,  gave  almost  identi- 
cally the  same  grades  of  serum  in  seventeen  bleedings.  That  is, 
the  early  bleedings  gave  sera  of  400  units,  and  those  subsequently 
from  300  down  to  200  imits,  which  was  the  strength  at  the  time 
the  animal  was  killed.  These  findings  would  seem  to  indicate 
that  the  customary  decrease  in  antitoxic  power,  which  occurs  in 
the  sera  of  many  horses  as  their  immunization  proceeds  after  the 
first  few  months,  is  not  exclusively  due  to  a  progressive  liver 
necrosis.  However,  the  amount  of  data  obtained  does  not  per- 
mit us  to  draw  any  conclusions  concerning  the  possible  relation 
of  the  liver  to  antitoxin  production.  The  bleedings  are  too  in- 
frequent, and  the  continuation  of  the  antitoxic  power  of  the 
serum  is  probably  dependent  upon  so  many  factors  that  the  ab- 
sence of  liver  necrosis  in  one  horse  whose  serum  had  shown  the 
usual  progressive  loss  of  power,  is  entirely  insufficient  evidence 
to  warrant  the  exclusion  of  the  liver  as  a  factor  in  antitoxin  pro- 
duction. 
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Brunton  and  Bokenham^  have  endeavored  to  show  that  the 
liver  is  capable  of  producing  diphtheria  antitoxin  by  the  action 
of  toxin  passed  through  the  portal  venous  system.  While  it 
might  be  questioned  whether  they  have  clearly  proven  the  for- 
mation of  true  antitoxin,  they  undoubtedly  showed  that  the  liver 
cells  have  an  affinity  for  pure  diphtheria  toxin,  and  are  capable 
of  at  least  greatly  reducing  the  poisonous  power  of  the  crude 
product. 

A  similar  affinity  of  the  liver  cells  of  some  invertebrates  for 
tetanus  toxin  has  been  claimed  by  Metchnikoff.'  He  states  that 
in  scorpions  injected  with  tetanus  toxin  the  liver  is  the  only  organ 
which  absorbs  and  retains  the  toxin. 

If  the  tiver  is  capable  of  absorbing  large  amounts  of  the  toxic 
bacterial  products,  and  if  their  direct  action  on  it  is  the  means  of 
producing  liver  necrosis,  then  in  most  horses  treated  with  such 
agents  the  liver  is  very  probably  capable  of  disposing  of  large 
amounts  of  these  products  without  injury ;  for  the  liver  necrosis 
is  not  present  in  many  horses,  at  least,  which  have  come  to  au- 
topsy after  injections  of  considerable  amounts  of  diphtheria  toxin 
distributed  over  several  months.     (See  history  of  Horse  56.) 

In  view  of  recent  work  on  autolysis  of  liver  tissues  in  vitro,  it 
may  not  be  out  of  place  to  consider  the  possibility  that  this  late 
necrosis  is  due  to  alterations  or  disturbances  of  those  factors 
which  prevent  the  action  of  the  autolytic  ferments  normally  pres- 
ent in  the  liver. 

Baer  and  Loeb'  have  shown  that  weak  alkalis  retard  and  weak 
acids  stimulate  the  autolytic  ferments  in  the  liver,  and  that  the 
elements  in  normal  serum  which  strongly  retard  or  prevent  au- 
tolysis are  the  serum  albumin  and  the  fibrinogen,  while  the  serum 
globulin  has  the  opposite  effect,  namely,  a  strong  stimulating 
action  on  the  autolytic  ferment. 

Hiss  and  Atkinson,*  Butjagin,"  and  others  claim  that  an  in- 
crease in  the  globulin  content  of  the  blood  occurs  during  active 
immunization,  although  this  is  disputed  by  Miiller.* 

Butjagin  also  demonstrated  a  gradual  decline  in  the  alkalinity 
of  the  blood  during  the  later  part  of  the  period  of  immunization. 

>  Jomr.  Path,  and  Bad.,  1904.  x,  50. 
s  Vlmmuniii,  e;c.,  P-aris.  1901,  p.  343. 

*  ArOi.  f.  €xptr.  Path.  u.  Phar.,  190s.  liii,  i. 

*  Jomr.  Exptr.  Mtd.,  1900,  v,  47. 

*  Hyg.  Rund.,  zpoa*  xH,  1193. 

*  B^iMitt  s.  duim,  Physiol.  «.  PaA.,  1903.  vi.  454- 
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In  view  of  the  work  of  Baer  and  Loeb,  the  occurrence  of  these 
or  other  similar  blood  changes  may  have  some  relations  to  the 
development  of  the  liver  necrosis  or  autolysis. 

Thrombosis. 

Of  the  horses  upon  which  careful  autopsies  were  performed 
and  which  presented  necroses  of  the  liver,  extensive  coexisting 
thrombosis  of  the  veins  of  that  organ  was  fotmd  in  one  (Horse 
21 ),  and  to  a  lesser  extent  in  two  others  (29  and  43).  In  the 
horses  treated  with  streptococcal  and  dysenteric  bacterial  prod- 
ucts, no  careful  searches  of  the  entire  substance  of  their  livers 
with  this  point  in  view  were  made. 

In  one  diphtheria  (43)  and  in  one  tetanus  (21)  horse  the  veins 
of  the  spleen  were  likewise  the  seat  of  thrombosis  to  a  greater  or 
less  extent.  The  other  tetanus  horse  (29)  had  extensive  throm- 
bosis of  the  pulmonary  arteries  and  infarction  of  the  lungs. 

As  has  been  stated,  two  diphtheria  horses  had  thrombosis  oc- 
curring without  necrotic  changes  in  the  liver.  In  one  (59)  the 
thrombosis  was  confined  to  three  large  branches  of  the  portal 
vein  in  the  liver,  while  in  the  other  (57)  the  thrombosis  was 
present  in  the  main  branch  of  the  pulmonary  artery  and  in  the 
intrapulmonary  branch  of  the  left  pulmonary  artery.  In  the  lat- 
ter horse  the  clinical  manifestations  arose  immediately  after  a 
withdrawal  of  the  usual  eight  liters  of  blood,  and  may  have  been 
due  to  the  formation  of  a  blood  clot  at  the  site  of  this  operation 
and  the  detachment  and  passage  of  the  clot  into  the  venous  circu- 
lation. The  thrombus  in  the  main  pulmonary  artery  was  in  the 
form  of  a  pedunculated  vegetation  about  the  size  of  a  walnut. 
The  horse  apparently  suffered  considerable  thoracic  pain,  and 
was  so  weak  as  to  be  unable  to  stand  even  with  the  assistance  of 
•lings. 

The  other  horse  (59)  with  localized  thrombosis  of  the  portal 
veins  gave  indications  of  great  pain  in  the  abdominal  cavity,  with 
tenesmus,  and  also  complete  prostration  and  excessively  rapid 
respiration  and  a  high  pulse  rate.  After  the  continuation  of 
these  symptoms  for  about  five  hours  the  animal  was  killed,  and 
the  autopsy  performed  immediately. 

If  the  conditions  operating  to  produce  the  thrombosis  in  this 
case  are  the  same  as  in  those  where  the  thrombosis  coexisted 
with  liver  necrosis,  it  is  remarkable  that  it  should  have  occurred 
as  early  as  the  eighth  month  of  the  immunization  period,  and 
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that  the  clinical  S3rmptoms  should  be  so  mach  more  severe  than 
in  those  cases  where  thrombosis  occurred  later  and  more  ex- 
tensively. 

In  looking  for  some  factor  or  condition  operative  during  the 
period  of  treatment  which  might  be  considered  as  of  etiological 
significance  for  the  thrombosis,  we  are  not  afforded  as  much 
data  as  we  would  like,  owing  to  the  failure  to  examine  and  note 
particularly  the  presence  or  absence  of  thrombi  in  the  first  few 
animals  which  died  from  rupture  of  the  liver  with  hemorrhage. 
Thus  we  have  no  definite  information  on  this  point  in  three  diph- 
theria, one  dysentery,  and  two  streptococcus  horses. 

From  the  data  tabulated  in  Table  4  it  can  be  seen  that  by  ex- 
cluding the  horses  with  early  thrombosis  the  treatment  given  and 
its  effects  on  the  three  remaining  horses  are  quite  similar.    The 
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only  exception  is  to  be  found  in  a  considerable  difference  in  the 
amounts  of  carbolic  acid  or  trikresol  which  the  horses  received 
with  the  toxins  injected.  We  are  of  the  opinion  that  these  anti- 
septics played  no  essential  part  in  the  production  of  the  conditions 
favoring  thrombosis. 

We  cannot,  however,  readily  exclude  in  this  way  a  possible 
influence  favoring  thrombosis  by  the  injection  of  those  elements 
which  make  up  the  broth  used  for  toxin  production,  such  as  pep- 
tone, meat  extractives,  etc.  Likewise  we  cannot  exclude  the  ef- 
fects of  the  repeated  abstraction  of  eight  liters  of  blood  every 
three  or  four  weeks.  We  are  unable,  therefore,  by  any  process 
of  exclusion  to  form  any  definite  opinion  of  the  part  played  in  the 
thrombosis  by  the  pathogenic  activity  of  the  bacterial  toxins  in- 
jected into  these  horses. 

If,  however,  we  ascribe  to  the  early  thromboses  the  same  etio- 
logical conditions  as  bring  about  the  late  thromboses,  then  we 
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can  find  no  comnKm  factor  in  the  treatment  of  our  horses  whick 
mi^t  have  been  operative  in  the  determination  of  this  cotiditicm. 

There  are,  however,  some  noteworthy  features  in  the  relation 
of  thrombosis  to  the  liver  necrosis  in  some  of  the  horses. 

Thus  in  Horse  50,  which  was  the  only  animal  with  necrosis  of 
the  liver  which  was  thoroughly  examined  for  thrombi  and  none 
found,  the  necrosis  and  hemorrhage  of  the  liver  was  not  general 
but  localized  almost  exclusively  in  the  left  lobe,  and  was  evidently 
not  so  far  advanced  as  in  the  other  animals.  As  the  autopsy  also 
revealed  myocarditis  with  small  subpericardial  hemorrhages,  and 
amyloid  degeneration  of  the  liver  and  spleen,  local  endarteritis, 
edema,  and  congestion  of  the  lungs  with  small  hemorrhages,  it 
18  not  unlikely  that  the  animal  did  not  die  from  the  effects  of  the 
liver  necrosis,  especially  as  there  was  no  rupture  of  that  organ. 
It  is  not  improbable,  therefore,  that  thrombosis  would  also  have 
occurred  in  this  horse  if  he  had  lived  longer. 

In  Horse  29  the  portal  veins  in  which  thrombi  were  found  cor- 
responded closely  with  the  areas  of  necrosis  in  the  liver,  and  it 
was  noted  that  the  thrombosis  seemed  to  proceed  from  the  smaller 
veins  outward  into  the  larger  branches,  ending  there  in  large, 
round-ended  clots. 

In  Horse  43  the  extensively  necrotic  liver  showed  thrombosis 
only  in  one  small  portion  of  the  right  lobe,  but  considerable 
thrombosis  occurred  in  the  spleen. 

Thus,  taking  the  findings  as  a  whole,  it  can  be  stated  that 
while  all  necrotic  areas  in  the  liver  did  not  have  coexisting  throm- 
bosis, there  were  no  thrombi  in  the  portal  veins  other  than  in  the 
necrotic  portions,  except  in  the  two  horses  already  described 
which  died  with  early  thrombosis  without  necrosis.  It  is  pos- 
sible, therefore,  that  in  some  animals,  at  least,  the  portal  throm^ 
bosis  may  be  caused  by  lesions  of  the  vessel  walls  secondary  to 
the  liver  necrosis. 

It  is  the  opinion  of  Smith*  that  the  pathological  effects  of  the 
periodic  losses  of  blood  in  antitoxin  horses  lead  in  certain  cases 
to  serious  derangements  and  death.  He  shows  that  in  many 
horses  which  have  been  bled  five  liters  every  three  or  four  wedcs 
for  periods  of  from  nine  months  to  over  four  years,  the  red  blood 
corpuscles  have  a  reduced  osmotic  tension.  He  believes  that 
this  condition  is  due  to  the  repeated  bleedings  arid  not  to  the  toxin 
injections. 

^J0m.  M€i.  Rn.  1904.  xii,  3S5. 
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In  Pettit  and  Girard's  case  of  necrosis  of  the  spleen  in  an  anti- 
plague  horse,  the  authors  express  the  qualified  opinion  that  the 
necrosis  was  not  due  to  the  periodic  bleedings. 

In  so  far  as  necrosis  of  the  liver  is  concerned,  our  data  do  not 
warrant  the  conclusion  that  the  periodic  bleedings  have  any  spe- 
cial etiological  relation  to  it.  If,  therefore,  the  lowered  osmotic 
tension  is  due  to  the  repeated  losses  of  blood,  it  is  not  probable 
that  such  lowered  tension  is  in  any  way  responsible  for  the  liver 
necrosis.  Whether  it  is  or  is  not  a  factor  in  the  causation  of  the 
tfirombosis  we  are  not  prepared  to  state. 

Butjagin  has  shown  the  presence  of  this  phenomenon  and  also 
the  existence  of  such  alterations  in  the  blood  ^erum  as  an  increase 
in  the  specific  gravity,  changes  in  albtmiin  and  globulin  content, 
electrical  conductivity,  alkalinity,  and  refractive  index  during  die 
immunizing  process. 

Similar  work  on  one  or  more  of  these  aspects  of  the  subject 
has  been  reported  by  MtUler^  and  others. 

What  relation  exists  between  these  alterations  in  the  morpho- 
logical, chemical,  and  physical  conditions  of  the  blood  constituents 
and  the  pathological  conditions  noted  by  us,  remains  to  be  solved. 

Summary. 

In  a  series  of  twelve  horses,  actively  immunized  with  the 
products  of  certain  pathogenic  microorganisms,  autopsies  re- 
vealed widespread  liver  necrosis  in  nine,  and  localized  liver 
necrosis  in  one. 

Thrombosis  of  the  portal  veins  was  present  in  three,  of  the 
splenic  vein  in  two,  and  of  branches  of  the  pulmonary  artery  in 
one,  of  the  nine  horses  showing  widespread  necrosis.  One  horse 
had  thrombosis  of  branches  of  the  portal  veins  and  another  of 
the  pulmonary  artery  without  liver  necrosis.  Six  horses  were 
not  carefully  examined  for  thrombosis. 

The  evidence  obtained  tends  to  exclude  the  materials  such  as 
peptone,  beef  extractives,  and  antiseptics,  such  as  carbolic  add, 
injected  with  the  toxins,  and  also  the  repeated  bleedings  prac- 
ticed, from  any  important  role  in  the  production  of  the  liver 
necrosis.  On  the  other  hand,  the  evidence  leads  to  the  conclu- 
sion that  the  toxic  bacterial  products  injected  are  directly  or  indi- 
rectly responsible  for  the  production  of  this  pathological  condi- 
tion. 


^Lcc.c4i. 
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The  evidence  is  not  sufficient  to  determine  which,  if  anj,  of 
these  factors  is  responsible  for  the  occurrence  of  the  venous 
thrombosis.  A  possiUe  etiological  action  by  the  antiseptics  in- 
jected is  excluded.  In  some  cases  the  portal  thrombosis  may 
result  from  the  liver  necrosis. 

Note. — Since  this  paper  went  to  press  another  horse  (No.  60)  has  died 
after  a  year  and  four  months  of  treatment.  During  the  first  four  months 
of  this  period  it  received  diphtheria  toxin,  and  after  that  until  deaA 
small  doses  of  tetanus  toxin.  The  horse  had  a  very  slightly  varying  tem- 
perature of  from  104''  to  106''  during  the  two  weeks  prior  to  deadi,  and 
gradually  became  weaker  during  the  last  few  days  of  life,  and  died  during 
the  night.  Just  prior  to  the  onset  of  the  high  temperature  an  edematous 
condition  of  the  genital  sheath  developed,  followed  by  a  tremendous 
increase  in  the  size  of  the  penis,  apparently  due  to  venous  stasis.  Later 
the  use  of  the  left  hind  leg  became  impaired. 

At  autopsy  thrombosis  of  the  left  iliac  vein,  the  inferior  vena  cava,  the 
veins  of  the  tissues  about  the  penis,  the  splenic  vein  outside  the  spleen, 
the  portal  vein,  and  some  of  its  branches  in  the  liver,  and  of  some  of  the 
pulmonary  arteries  was  found.  There  was  no  evidence  of  necrosis  in  the 
liver.    There  was  a  general  hyperplasia  of  the  lymph  nodes. 


AFFECTIONS  OF  THE  THYROID  GLAND: 
A  Clinical  and  Pathological  Stxjdy.* 

By  GEORGE  EVERETT  BEILBY,  M.  D.. 

Instructor  in  Surgeiy  and  His€ology«  Albany  Medical  College. 
(Frmm  lk€  B§ndtf  Laboraiory,  Albany,  N,  Y.) 

Plates  IV,  V,  and  VI. 

During  the  past  few  years  as  a  result  of  the  great  advances  in 
surgery  of  the  thyroid  gland,  the  study  of  the  many  diseases  of 
this  organ  has  been  placed  upon  an  intelligent  clinical  and  patho- 
logic basis.  There  still  remains,  however,  a  lack  of  uniformity 
not  only  in  the  classification  of  the  various  lesions  but  also  in 
the  interpretation  of  their  etiology  and  their  pathologic  signifi- 
cance. It  was  with  the  object  of  adding,  if  possible,  to  our  or* 
derly  knowledge  of  the  pathology  of  the  thyroid  that  this  study 
of  a  large  series  of  cases  was  undertaken. 

Material. — Since  the  opening  of  the  Bender  Laboratory,  in 
1896,  a  period  of  about  ten  years,  material  removed  at  operation 
from  sixty-one  cases  of  thyroid  disease  has  been  examined.    It 

•Read  before  the  Medical  Society  of  the  County  of  Albany,  February  14,  1906.    P«b- 
llahed  in  the  Annais  cf  Surgery »  1906,  xliii,  805. 


Digitized  by  VjOOQ IC 


GEORGE  EVERETT   BEILBY  9J 

b  upon  this  material,  mainly  from  the  surgical  clinic  of  the  Al- 
bany Hospital,  together  with  three  of  my  own  cases,  that  this 
present  study  is  based.  Including,  as  it  does,  examples  of  all  of 
the  more  important  affections  of  the  thyroid  gland,  with  careful 
gross  and  microscopic  descriptions,  this  group  of  cases  offers 
unusual  opportunities  for  investigation. 
This  material  may  be  classified  as  follows:^ 

No.  of 
dim,  DiwMe.  Cmo. 

I.  Simple  hypertrophy   26 

II.  Adenoma. 9 

III.  Recurrent  adenoma   3 

IV.  Cyst  IS 

V.  Metastatic  thyroid  tumor  i 

VI.  Exophthalmic  hypertrophy 6 

VII.  Chronic  thyroiditis  i 

VIII.  Tuberculosis  j 

IX.  Carcinoma. i 

These  lesions  fall  naturally  into  three  groups, — ^the  hypertro- 
fdiies,  the  tumors,  and  the  inflammations, — ^and  should  perhaps 
more  properly  be  discussed  in  this  order.  Several  departures, 
however,  will  be  made  in  order  to  more  clearly  present  the  relar 
tions  of  the  various  lesions.  Simple  hypertrophy  and  adenoma 
as  they  possess,  histologically,  much  in  common,  will  be  consid- 
ered in  sequence,  thus  affording  a  better  opportunity  for  differen- 
tiation. The  exophthalmic  type,  aside  from  the  fact  that  it  rep- 
resents a  diffuse  process,  bears  no  points  of  resemblance  either 
clinically  or  pathologically  to  the  simple  colloid  form  and  will 
therefore  be  considered  by  itself.  The  cysts  have  been  found  to 
have  such  close  relationship  to  the  adenomata  that  they  may  be 
considered  with  the  latter. 

In  the  study  of  each  type  of  lesion,  a  systematic  manner  of 
presentation  will  be  pursued  as  far  as  possible.  First,  a  tabulated 
Ust  of  the  cases,  giving  the  age  of  the  patient  at  the  time  of 
operation,  the  age  of  onset,  the  duratioif  of  the  disease  and  the 
ultimate  outcome  when  possible,  will  be  presented.  Following 
■*  ■ 

*To  these  miicfat  be  added,  to  make  a  classification  complete,  the  sarcomata,  the  fibro- 
aiata  and  the  mixed  tumors,  together  with  acute  thyroiditis,  aO  of  which  are  very  ntrt 
affections  and  have  not  occurred  in  this  series. 

I  wish  here  to  express  my  thanks  to  Dr.  Pearce  for  the  privilege  of  using  the  material 
at  the  Bender  Laboratory,  and  also  indirectly  to  Dr.  Blumer.  whose  careful  records  hat 
Bade  this  study  powble.  Also  I  wish  to  thank  the  surgeons  of  the  Albany  Hospital* 
•specially  Drs.  Vander  Veer,  Macdonald  and  Mting,  who  have  allowed  me  access  to  their 
clinical  records. 
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this  one  or  more  typical  cases  will  be  related  in  detail,  with  a 
brief  clinical  jnote  and  a  complete  pathologic  study.  When  other 
cases  oflfer  points  of  interest  or  importance,  not  already  covered 
in  the  quoted  cases,  attention  will  be  directed  to  these  special 
fea^res  in  the  general  discussion.  The  etiologic  and  pathologic 
significance  of  the  group  as  a  whole  will  then  be  considered,  and 
finally,  after  the  consideration  of  each  separate  group,  a  resume 
will  be  made  of  the  main  points  in  diagnosis  and  treatment  of 
thyroid  lesions  in  general. 

I— SIMPLE  HYPERTROPHY   (COLLOID  HYPER- 
TROPHY).   TWENTY-SIX  CASES. 

Agfi  of 
No.  onset. 

1 22 

2 24 


3 

4 13 

5 

6 

7 

8 24 

9 

ID 

II 42 

12 40 

13 16 

14 24 

IS 13 

16 13 

17 32 

18 44 

19 II 

20 

21 IS  49       34  years. 


Age  at 
opention. 

Duration. 

a3 

16  months. 

25 

12  months. 

68 

13 

6  months. 

30 
25 

12  months. 

43 
42 

several  years. 

43 

ij4  years. 

43 

3  years. 

18 

2  years. 

37 

syi  years. 

23 

10  years. 

IS 

2  years. 

40 

Syi  years. 

62 

18  years. 

18 

7  years. 

22 47        

23 36  S3       17  years. 

24 

25 56 


26 s^        

Average  at  onset,  24  years;  average  age  at  operation,  36  years; 
average  duration,  7  years,  4  months;  females,  21;  males,  3;  sex  not 
stated,  2. 

Case  I.— (Path.  No.  05-1011.)  Male,  aged  18;  for  7  years  has  had 
enlargement  of  the  neck  with  at  times  dyspncea  and  some  prominence  of 
the  eyes  noticed.    His  mother  is  said  to  have  had  the  same  condition. 
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Physical  Examination, — A  symmetrical  enlargement  of  the  entire  neck 
anteriorly  and  laterally*  but  slightly  greater  on  the  right  side,  is  seen. 
The  enlargement  extends  outward  and  backward  on  either  side  and  it 
felt  deep  under  the  stemo-cleidomastoid  muscle. 

Operation,  June  15,  1905,  by  Dr.  G.  E.  Beilby.  Cocaine.  Transverse 
Kocher  incision.  The  thyroid  gland,  with  the  exception  of  a  portion  of 
the  upper  part  of  the  left  lobe  about  4x4  cm.  in  extent,  was  removed 
without  difficulty.  The  right  lobe  is  larger  than  the  left  and  extends 
more  deeply  into  the  tissues. 

Patient  made  an  excellent  recovery.  In  January,  1906,  the  patient's 
health  was  excellent 

Pfl//i<?/<?gy.— Macroscopic  Examination:  Specimen  consists  of  a  thyroid 
gland  showing  distinctly  right,  left  and  median  lobes.  Weight,  530 
grammes.  Left  and  median  lobes  have  been  removed  entire;  a  portios 
of  right  lobe  is  absent.  The  left  lobe  measures  12.5x5x4  cm.,  the  medias 
4x2  cm.  and  the  right  10x5x6  cm.  The  mass  is  definitely  encapsulated* 
of  firm  consistence,  distinctly  lobulated  and  of  a  dark  red  color.  The 
blood-vessels  of  the  capsule  are  very  large  and  tortuous.  The  right  and 
left  lobes  are  somewhat  symmetrical  and  more  or  less  kidney-shaped* 
with  flattening  of  the  posterior  surfaces.  The  right  lobe  is  of  somewhat 
greater  diameter  anterio-posteriorly  than  the  left.  On  section  right  lobe 
is  seen  to  be  grayish  yellow  in  color  and  from  the  cut  surface  escapes  a 
thick  gelatinous  material  It  is  lobulated;  the  lobules  being  composed  of 
numerous  alveolar  spaces  the  walls  of  which  are  formed  of  rather  firm 
bands  of  connective  tissue  and  in  which  is  a  colloid  material  of  a  dear 
translucent  appearance.  Very  many  large  blood-vessels  are  seen  oa 
section.  No  cysts  are  present.  The  left  lobe  is  similar  in  all  respects  to 
the  right 

Microscopic  Examination. — Sections  from  four  different  portions  of 
mass  all  show  practically  the  same  condition.  In  general  the  structure 
is  that  of  the  normal  thyroid  gland.  The  gland  acini,  however,  are 
greatly  dilated  and  filled  with  a  homogeneous  colloid  material  which 
stains  witheosin.  These  acini  for  the  most  part  are  lined  with  a  single 
layer  of  cuboidal  epithelium.  In  many  are  blood-corpuscles  and  cholesterin 
crystals.  The  capsule  of  the  gland  is  very  delicate,  and  there  is  but  a 
moderate  amount  of  connective  tissue  throughout  the  gland  substance. 

Microscopic  Diagnosis. — Simple  colloid  hypertrophy. 

Case  IL— (Path.  No.  97-5)-  Female,  aged  23,  single.  History  of 
enlargement  of  the  neck  in  the  region  of  the  thyroid  for  13  years.  The 
enlargement  has  gradually  increased.  Recently  patient  has  complained 
of  dyspnoea,  dysphagia  and  nervousness.    No  exophthalmus. 

0^rra/w».— November  15,  1897,  by  Dr.  Macdonald. 

Pathology. — Macroscopic  Examination :  Specimen  consists  of  a  lobulated 
mass  of  tissue  of  firm  consistence,  measuring  12x6x4  cm.  It  is  divisible 
into  two  lateral  lobes  and  a  central  portion,  which  probably  represents 
the  original  thyroid  gland.  The  surface  is  smooth  for  the  most  part; 
but  in  places,  particularly  posteriorly,  is  covered  by  vascular  adhesions. 
Tlie  cut  surface  has  a  yellowish  gray  color,  is  irregularly  divided  into 
lobules,  and  is  dotted  here  and  there  with  cysts,  containing  a  jrellow. 
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jdly-like  material.  This  surface  is  smooth  and  glistening  and  covered 
with  a  translucent,  sticky  material.  There  are  no  signs  of  old  or  recent 
taxmorrhage  into  the  gland  substance. 

Microscopic  Examination. — The  tumor  consists  of  tissue  having  in  a 
general  way  the  appearance  of  thyroid  gland.  It  differs  from  this 
structure  only  in  a  marked  increase  in  the  size  of  many  of  the  gland 
adni  which  contains  a  large  amount  of  colloid  material.  Microscopic 
Diagnosis. — Simply  colloid  hypertrophy. 

Case  III.— (Path.  No.  os-^giS).  Male,  aged  6a  History  of  goitre  for 
i8  years  which,  though  of  large  size,  caused  no  symptoms  until  two 
months  ago,  when  severe  dyspnoea  and  dysphagia  developed. 

O^rra/ton.— September  26,  1905,  by  Dr.  Elting. 

Pathology. — Macroscopic  Examinations:  Specimen  consists  of  a  flat- 
tened encapsulated  dark  red  mass  of  tissue  measuring  1 1x8x5  cm.  having 
iht  general  appearance  of  an  enlarged  thyroid  gland.  One  surface  is 
regular  in  form  and  is  covered  by  fine  adhesions;  the  other  surface  shows 
irregular  lobulations  separated  one  from  another  by  deep  fissures.  The 
capsule  contains  a  rich  plexus  of  veins.  Loosely  attached  to  this  mast 
is  another  similarly  encapsulated  mass  6x3.5x2.5  cm.  which  is  pinkish 
red  in  color,  lobulated  and  the  seat  of  numerous  small  cysts.  The  surface 
is  covered  with  fine  adhesions.  The  cut  surface  of  the  larger  mass 
shows  a  greatly  thickened  capsule  surrounding  well-marked  lobules  whidi 
have  a  smooth,  glary  surface,  and  appear  to  be  filled  with  colloid 
material.  The  smaller  mass  on  section  shows  a  similar  capsule,  paler 
in  color  and  with  smaller,  less  well-marked  lobules,  and  numerous  small 
cysts  filled  with  yellow  blood-stained  fluid. 

Microscopic  Examination, — Sections  show  structure  of  thyroid  gland 
with  capsule  greatly  thickened.  The  acini  are  greatly  increased  in  size 
and  number  and  filled  with  colloid.  There  is  no  increase  in  the  inter- 
stitial substance  or  in  the  cells  lining  the  adni. 

Microscopic  Diagnosis. — Simple  colloid  hypertrophy. 

These  three  cases  illustrate  very  well  this  type  of  enlargement 
It  is  characterized  clinically  by  symmetrical  increase  in  size, 
which  is  usually  not  rapid  but  extends  often  over  many  years.  It 
is  true  that  one  lobe  may  be  larger  than  the  other,  but  the  essen- 
tial change  is  a  diffuse  involvement,  and  the  term  "simple 
goitre "  or  "  simple  hypertrophy  "  should  be  applied  only  to 
tfiose  lesions  which  thus  involve  the  entire  gland. 

Histologically,  the  characteristic  feature  is  a  dilatation  of  the 
thyroid  vesicles,  the  result  of  tlie  increased  colloid  secretion. 
There  is  lack  of  uniformity  in  the  size  of  the  vesicles,  but  it  is 
rare  to  observe  any  portion  of  the  gland  which  shows  normal 
vesicles.  The  connective-tissue  stroma  in  the  earlier  cases  is 
often  found  to  be  somewhat  scant,  but  definite  lobulations  can 
always  be  made  out.  After  the  condition  has  existed  for  a  num- 
ber of  years  secondary  changes  may  produce  a  rather  cf)mplex 
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picture.  These  are  most  frequently  haemorrhage  into  the  alveoli, 
with  associated  degeneration  and  pigmentation  in  focal  areas. 
Infiltration  of  leucocytes  and  lymphoid  and  plasma-cells  is  not  in- 
frequent. The  connective  tissue  in  cases  of  long  standing  is  usu- 
ally very  abundant.  Calcification  is  common  as  a  late  degenerate 
change.  Cysts  of  large  size  in  a  gland  showing  simple  hyper- 
trophy have  not  been  observed.  Minute  smooth  walled  cysts 
formed  evidently  by  the  rupture  of  the  walls  of  adjacent  vesicles, 
with  fusion  of  their  colloid  contents,  are  commonly  present. 

Etiology. — It  will  be  remembered  that  in  the  early  embryonic 
thyroid  colloid  is  not  present  in  the  epithelial  vesicles.  The  col- 
loid secretion  makes  its  appearance  at  about  the  time  of  birth  and 
first  in  small  amounts,  but  with  the  advancing  age  of  the  child 
the  individual  vesicles  show  increased  dilatation ;  the  gland  prob- 
ably attaining  its  most  active  secretory  stage  during  youth  or 
early  adult  life.  An  enlargement  of  the  thyroid  at  this  period  is 
very  common,  but  it  usually  disappears  at  twenty-three  to  thirty 
years  of  age.  This  enlargement  probably  represents  a  simple 
hypertrophy  of  the  organ.  In  explaining  this  condition  of  simple 
hypertrophy,  then,  it  seems  proper  to  infer  that  in  a  certain  num- 
ber of  cases,  instead  of  a  subsidence  of  this  physiologic  hyper- 
trophy, the  process  in  an  exaggerated  form  continues  and  a 
permanent  hypertrophy  is  the  result.  In  this  series  it  is  seen  that 
while  before  twenty  years  of  age  only  four  cases  came  to  opera- 
tion, in  six  the  age  of  onset  was  before  twenty  and  in  four  others, 
in  which  the  age  of  onset  is  stated,  it  was  between  twenty  and 
thirty  years,  making  nearly  one-half  of  the  recorded  cases  appear- 
ing either  in  youth  or  early  adult  life.  Pregnancy  in  a  few 
instances  has  apparently  been  the  exciting  cause. 

In  simple  hypertrophy  there  is  as  a  rule  no  symptoms  except 
those  produced  by  pressure  upon  the  structures  of  the  neck. 
Circulatory  disturbances  with  extreme  enlargement  seem  to  be 
fairly  common.  Vertigo,  which  is  frequently  a  symptom,  is  due, 
possibly,  to  pressure  of  the  enlarged  gland  upon  the  blood-vessels 
of  the  neck.  The  duration  of  the  condition  varies  greatly,  for 
the  patient  seldom  seeks  advice  until  the  pressure  symptoms  be- 
come severe.  Mere  deformity  causes  no  concern,  but  when  res- 
piration or  deglutition  becomes  difficult  relief  is  sought.  The 
periods  of  time  represented  in  these  cases  vary  from  a  few 
months  to  thirty-four  years.  The  size  to  which  the  gland  may 
attain  also  varies  greatly.    There  seems  to  be  no  relation  between 
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the  duration  of  the  condition  and  the  size  of  the  gland.  The  case 
showing  the  most  extensive  hypertrophy  in  this  series  is  Case  I, 
quoted  above. 

In  the  condition  of  simple  hypertrophy,  then,  three  things  may 
occur.  First,  there  may  be  a  subsidence  of  the  active  secretory 
process  after  puberty  or  during  young  adult  life,  and  a  diminu- 
tion of  the  amount  of  colloid  present  with  a  return  of  the  gland 
to  its  normal  size.  These  are  the  cases  of  moderate  enlargement. 
Second,  the  epithelium  may  cease  to  secrete  colloid  material  after 
a  certain  age  is  reached,  but  fail  to  undergo  retrogressive 
changes  and  the  enlargement  become  a  permanent  one.  In- 
stances of  this  nature  are  frequent.  The  hypertrophy  is  of  mod- 
erate d^;ree  causing  as  a  rule  no  subjective  symptoms,  and  but 
rarely  demanding  operation.  Third,  a  condition  similar  to  No. 
2,  in  which  in  addition  we  see  in  later  life,  after  a  quiescence  of 
many  years,  a  rapid  increase  in  the  size  of  the  already  hypertro- 
phied  organ.  This  enlargement  is  apparently  due  to  two  causes 
— an  increase  in  the  colloid  secretion,  as  observed  in  the  primary 
enlargement,  and  an  actual  reproduction  (hyperplasia)  of  thy- 
roid tissue.  This  latter  is  apparently  the  process  present  in 
the  majority  of  cases.  Only  a  portion  of  the  gland  may  be 
secondarily  affected.  The  following  case,  which  clinically  was 
considered  to  be  malignant,  illustrates  this  type.* 

Case  IV.— (Path.  No.  05-1114)*  Female,  aged  53,  goitre  with  slow 
growth  for  17  years.  First  began  daring  pregnancy.  During  the  past 
seveii  months  the  enlargement  has  been  rapid  and  confined  chiefly  to 
the  left  lobe.    Dyspnoea  and  dysphagia  marked. 

Operation,  October  25,  1905,  by  Dr.  Vander  Veer.  Considerable  diffi- 
culty was  experienced  in  removing  the  gland,  owing  to  its  deep  attach- 
ments. 

Pathology. — Macroscopic  Examination :  Usual  appearance  of  old  hyper- 
trophic gland  with  increase  of  connective  tissue,  degeneration  and  calci- 
fication in  areas,  but  in  addition  a  large  amount  of  comparatively  normal 
thyroid  tissue,  differing  perhaps  in  that  it  has  a  more  cellular  appearance. 

Microscopic  Examination, — ^The  sections  show  in  general  a  simple  hyper- 
trophy with  fairly  large  colloid  vesicles  lined  by  the  usual  epithelium. 
Here  and  there,  however,  are  areas  of  small  vesicles,  some  filled  with 
cells  and  others  containing  a  little  colloid  representing  young  thyroid 
tissue  in  various  degrees  of  development  Small  masses  of  epithelial  cells 
are  not  infrequently  observed  outside  of  the  colloid  vesicle  and  probably 
represent  focal  zones  of  new  thyroid  tissue  or  compressed  epithelial 
vesicles. 

1  Under  "Cardnoma"  will  be  diseuaeed  the  fraquency  with  which  hjrpertrophled  gian^ 
at  this  natura  undergo  carcinomatous  changes. 
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The  histologic  appearance  in  this  case  suggested  the  possi- 
bility of  carcinoma.  There  is,  however,  no  definite  evidence  of 
invasion  of  the  old  connective-tissue  stroma  by  the  new-formed 
thyroid  tissue.  This  is  a  histologic  picture  frequently  observed 
in  cases  of  old  simple  hypertrophy  in  which  there  has  occurred 
fecent  growth.  Patient  made  a  good  recovery  from  the  opera- 
tion and  was  well  six  weeks  later. 

II.—ADENOMA;  9  CASES 

Age  of  Age  at 

No.  Onset.  operatioo.         DuFBtion. 

1 38 

2 16  21  5  years. 

3 37  55  18  years. 

4 24 

5 18  23  5  years. 

6 25  26  I  year. 

7 35  40  5yca". 

8 28  30  2  years. 

9 43 

Average  age  at  onset,  26  years;  average  age  at  operation,  33  years; 
average  duration,  7  years;  female,  8;  male,  i. 

Case  V. — (.Path.  No.  755).  Male,  aged  55.  Onset  of  twnor  18  years 
•go  in  region  of  thyroid.  Has  grown  larger  during  the  last  two  years. 
Ko  symptoms  except  tmnor. 

Operation,  September  26,  1904,  by  Dr.  Elting.  Excision  of  tumor  of 
kft  lobe.    The  right  lobe  and  isthmus  seemed  normal. 

Pathology. — Macroscopic  Examination:  Specimen  consists  of  an  encap- 
sulated tumor  of  the  thyroid,  measuring  8x6x3  cm.  Ttunor  mass  has 
been  cut  open.  On  section  it  presents  a  rough  nodular  surface  mottled 
with  dark  red  areas.  Surrounding  these  is  a  brownish  yellow  zone  and 
still  further  out  a  deep  red  finely  granular  zone.  The  lighter  areas  are 
approximately  ix.5  cm.,  the  dark  red  areas  measuring  about  2x1  cm. 

Miscroscopic  Examination. — ^There  is  distinct  hyperplasia  of  both 
glandular  and  interstitial  tissue,  the  glandular  elements  in  places  being 
massed  together  and  compressed,  with  irregular  outlines;  in  other  places 
dilated  and  filled  with  colloid  material ;  in.  still  other  areas  the  glandular 
dements  are  atrophied  with  marked  increase  of  interstitial  tissue,  which 
is  highly  oedematous  and  hyaline. 

Microscopic  Diagnosis. — Mixed  adenoma  of  the  thyroid  gland. 

Cask  VI.--(Path.  No.  05-1207).  Female,  aged  23.  Tumor  for  5  years. 
Rapid  enlargement  during  the  past  eight  months;  dyspncea.  Tumor  of 
tbe  right  lobe  pushing  the  trachea  and  larnyx  to  the  left. 

Operation,  November  14,  1905,  by  Dr.  Elting. 

Pathology. — Macroscopic  Examination :  Specimen  consists  of  a  definitely 
encapsulated  tumor  10x5x8x6  cm.    Capsule  is  smooth  and  apparently  free 
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from  adhesions.  At  one  pole  is  a  small  irregular  tumor.  The  capsule  it 
▼cry  dense  and  fibrous.  On  section  the  tumor  presents  a  uniform  grayish 
appearance.  Tissue  is  exceedingly  soft  and  friable.  No  fibrous  bands 
are  seen.  In  the  centre  of  the  mass  the  tissue  is  disintegrated  and  there 
is  found  a  small  cavity  filled  with  blood-stained  colloid  material.  On 
section,  the  smaller  tumor  attached  to  one  pole  of  the  larger  has  the 
appearance  of  normal  thyroid  tissue  and  evidently  represents  the  isthmus 
of  the  thyroid  gland. 

Microscopic  Examination.^ (Stt  Fig.  i.)  The  general  structure  of 
thyroid  tissue  can  be  seen,  but  there  are  no  definite  lobulations  as  are 
found  in  the  normal  and  hypertrophied  gland.  The  thyroid  vesicles, 
however,  are  greatly  enlarged  and  filled  with  a  homogeneous  colloid 
material  which  stains  with  eosin.  In  some  areas  epithelium  lining  the 
individual  vesicles  has  disappeared  and  their  contained  colloid  has 
coalesced,  forming  large  irregular  pink  staining  masses.  Throughout  the 
colloid  material  is  seen  isolated  cells  and  clumps  of  cells  which  stain 
poorly  and  which  represent  the  desquamated  epithelium.  There  are  also 
numerous  red-blood  cells.  When  an  epithelial  lining  is  present  instead 
of  a  single  layer  of  cells  we  see  often  several  layers,  and  here  the  cells 
stain  very  poorly  and  have  no  definite  arrangement.  The  connective- 
tissue  stroma  is  very  scant  and  the  alveolar  walls  are  delicate.  There  are 
a  few  small  epithelial  vesicles  which  contain  no  colloid  and  represent 
young  thyroid  tissue.     The  general  picture  is  one  of  early  degeneration. 

Microscopic  Diagnosis. -^Colloid  adenoma  of  the  thyroid. 

Case  VII.— (Path.  No.  64-5.)  Female,  aged  26.  Duration  of  illness 
8  months.    The  prominent  symptoms  are  pain,  dyspnoea  and  dysphagia. 

Operation,  February  20,  1899,  by  Dr.  Vander  Veer.  No  note  on  opera- 
tion. 

Pathology. — Macroscopic  Examination :  Specimen  consists  of  a  globular 
nodule  measuring  4x3x1.5  cm.  It  is  completely  encapsulated.  Its  outer 
surface  is  covered  here  and  there  with  torn  adhesions  which  are  attached 
to  the  capsule.  The  nodule  is  soft  in  consistence.  On  section  the  cut 
surface  bulges  somewhat;  it  is  mostly  of  a  gray-white  color  and  rather 
translucent  in  appearance.  Scattered  through  it  are  a  few  whiter  areas 
suggestive  cf  necrosis  and  one  or  two  minute  haemorrhagic  points. 

Microscopic  Examination. — ^The  section  shows  both  the  capsule  and 
tnmor  substance.  The  capsule  is  composed  of  several  layers  of  fibrous 
tissue,  in  the  outermost  layer  of  which  can  l>e  seen  compressed  thyroid 
vesicles  probably  the  result  of  the  encroachment  of  the  growth  upon  the 
normal  gland-tissue.  The  tumor  proper  is  made  up  of  closely  packed 
epithelial  vesicles,  which  as  a  rule  are  empty  or  have  only  a  cellular  con- 
tent In  this  respect  the  tissue  resembles  that  of  the  foetal  thyroid,  but 
di£Fers  in  that  the  cells  are  of  a  higher  type.  In  some  of  the  vesicles, 
farthest  from  the  periphery,  there  is  a  small  amount  of  colloid  present 
this  probably  representing  the  oldest  portion  of  the  growth.  The  con- 
nective-tissue stroma  is  very  scant  and  there  are  no  lobulations  visible. 

Microscopic  Diagnosis.^Mixcd  adenoma  of  the  thyroid  gland. 

Case  VIIL— (Path.  No.  05-95.)  Female,  aged  21  years,  married.  A 
tumor  the  size  of  a  marble  appeared  in  the  reurion  of  the  right  lobe  of 
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Plate  IV, 
To  Illustrate  Dr.  Beilby's  Article  on  "  Affections  of  the  Thyroid  Gland." 

Albany  Medical  Annals,  January,  iQoy. 


Fig.  I. —  Microscopic  drawing  of  a  colloid  adenoma. 

The  illustration  shows    that    the   thyroid    vesicles  are  distended    with   a  homofreneous 
colloid  substance  in  which  are  clumps  of  epithelium  and  isolated  epithelial  cells. 


Fig.  2. — Microscopic  drawing  of  a  recurrent  adenoma  4  oc,  3  obj.,  Leitz. 

The  left  portion  of  the  drawing  shows  tissue  containing  a  few  apparently  normal 
thyroid  vesicles.  The  right  portion  shows  tissue  in  which  no  normal  vesicles  are  present, 
but  composed  of  epithelial  cells,  having  no  typical  arrangement,  and  in  a  few  of  which  a 
large,  irregular,  and  deep  staining  nucleus  is  seen. 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


G£OKG£   EVERETT   BEILBY  lOI 

the  thyroid  five  years  ago,  two  years  after  her  last  child  was  bom,  and 
has  gradually  increased  in  size  since.  Dyspnoea  has  been  more  marked 
of  late. 

Operation,  January,  1905,  by  Dr.  Elting.  Ether.  ''The  patient  took 
the  anaesthetic  very  badly.  Resuscitation  was  necessary  during  the  opera- 
tion. The  tumor  was  removed  through  an  incision  along  the  anterior 
border  of  the  right  stemo-cleidomastoid  muscle." 

Pathology. — Macroscopic  Examination:  Specimen  consists  of  an  encap- 
sulated tumor  measuring  2.5x2x1.5  cm.,  enclosed  in  a  yellowish  white 
capsule.  On  section  it  is  fairly  firm  in  consistence  and  presents  a  brown- 
ish white  surface.    Very  little  connective-tissue  stroma  can  be  seen. 

Microscopic  Examination. — Section  shows  a  thick  fibrous  capsule  with 
normal  appearing  thyroid  tissue  in  its  outer  layer.  The  structure  of 
thyroid  gland  can  be  made  out,  but  the  individual  vesicles  are  small  as 
a  rule  and  contain  no  colloid.  In  a  few  areas  the  vesicles  are  elongated 
and  assume  a  tortuous  tubular  shape.  The  connective  tissue  shows  hyaline 
degeneration  and  oedema. 

Microscopic  Diagnosis. — Pure  adenoma  of  the  thyroid. 

Etiology. — ^Thcse  adenomata  comprise  the  solid  non-malignant 
encapsulated  tumors  of  the  thyroid.  They  may  arise  within  the 
tissue  of  the  thyroid  gland,  without  being  connected  with  its 
capsule,  or  at  some  distance  from  the  gland.  They  occur 
usually  singly,  but  in  two  instances  in  my  series  they  occurred 
as  multiple  tumors  of  one  lobe.  In  one  of  these  were  present 
two  smaller  tumors,  each  about  3  cm.  in  diameter,  attached  to 
cither  pole  of  a  larger  tumor  8x3x3  cm.  in  size.  In  the  other  a 
tumor  of  the  left  lobe  8x6x3  cm.  in  size  had  attached  to 
its  capsule  at  one  pole  a  small  nodule  about  2  cm.  in  diameter, 
which  macroscopically  had  the  same  appearance  as  the  larger 
tumor. 

As  to  the  location,  five  occurred  within  or  apparently  arose 
from  the  right  lobe,  two  from  the  isthmus,  and  one  from  the 
left  lobe,  and  in  one  instance  the  situation  was  not  stated.  These 
tumors  are  in  my  experience  usually  of  small  size.  The  largest 
was  10x8x6  cm.  and  the  smallest  3  cm.  The  average  diameter 
was  about  5  or  6  cm. 

Ginically  the  adenomata  are  not  as  a  rule  difficult  to  recog- 
nize. They  are  hard  and  firm,  freely  movable,  and  generally 
present  no  symptoms  except  tumor.  By  their  pressure  upon  the 
trachea  or  oesophagus  they  may  produce  dyspnoea  or  dysphagia 
and  in  two  instances  the  extreme  nervousness  of  the  patient 
was  ascribed  to  such  pressure.  The  age  of  onset  seems  to  cor- 
respond to  that  of  adenomata  in  other  glands  of  the  body,  occur- 
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ring  during  youth  or  early  adult  life,  when  glandular  activities 
are  at  their  height.  The  age  of  onset  was  generally  between  i6 
and  35  years;  five  or  over  one-half  between  the  twentieth  and 
thirtieth  years.  From  the  fact  that  these  tumors  produce  no 
subjective  symptoms,  and  that  their  growth  is  as  a  rule  slow, 
it  is  often  many  years  before  the  patient  seeks  surgical  relief. 
It  is  probable  that  these  ttunors  are  far  more  common  than  indi- 
cated by  this  series,  for  it  is  only  when  they  produce  pressure 
symptoms  or  cause  considerable  disfigurement  that  the  advice 
of  the  surgeon  is  sought 

No  important  etiologic  factors,  other  than  the  age,  can  be 
determined.  In  one  case,  the  tumor  appeared  two  weeks  after 
confinement. 

There  is  nothing  in  the  records  to  indicate  that  the  thyroid 
gland  in  these  cases  was  abnormal.  Where  observations  were 
made  by  the  operator,  it  is  noted  that  the  gland  appeared  normal. 

Pathology, — ^The  adenomata  are  definitely  encapsulated  tumors, 
usually  smooth,  but  occasionally  somewhat  nodular  or  lobulated. 
The  tumors  vary  considerably  in  consistence  but  are  usually  soft 

Two  distinct  varieties  may  be  recognized,  depending  upon  the 
type  of  vesicle.  In  the  first,  which  we  may  designate  as  pure 
adenoma,  the  growth  is  found  to  be  composed  of  closely-packed 
epithelial  vesicles,  containing  little  or  no  colloid  and  very  small 
amount  of  connective  tissue.  Many  of  the  acini  are  seen  to  be 
filled  with  epithelial  cells.  In  the  other  variety,  we  have  a  con- 
dition in  which  histologically  the  picture  very  closely  simulates 
that  of  simple  hypertrophy.  These  we  may  designate  as  colloid 
adenomata.  The  epithelial  vesicles  are  dilated  and  filled  with 
colloid  material.  There  is  usually  but  a  single  lining  layer  of 
epithelium. 

An  interesting  feature  of  these  tumors  is  their  tendency  to 
undergo  various  degenerative  changes.  The  colloid  adenoma 
resembles  somewhat  histologically  the  simple  hypertrophy,  but 
differs,  however,  in  some  important  respects.  Thus  the  stroma 
is  less  abundant,  the  walls  of  the  vesicles  are  thinner,  and  the 
epithelial  cells  lining  the  vesicles  in  the  hypertrophied  organ  are 
of  a  lower  type  than  those  in  the  colloid  adenoma.  To  make  a 
distinction  between  simple  hypertrophy  and  adenoma  is  easy 
clinically  and  from  a  macroscopic  examination  of  the  specimen, 
but  upon  histologic  examination  distinct  differences  in  structure 
are  not  so  evident. 
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Briefly  stated,  the  main  differences  seem  to  be  these: 

(a)  As  to  the  epithelium  lining  the  vesicles.  In  the  adenoma 
we  find  the  cell  tending  to  a  columnar  character,  while  in  the 
hypertrophy  the  cells  appear  more  compressed  and  assume  the 
appearance  of  a  cuboidal  type. 

(ft)  As  to  the  contents.  Colloid.  In  the  early  adenoma,  epi- 
thelial tissue  is  the  one  tissue  present.  Small  amounts  of  colloid 
are  visible,  but  this  is  not  seen  in  appreciable  amounts  until  a 
later  stage.  In  this  later  stage  the  colloid  is  increased  markedly 
in  amount,  and  approaches  as  to  quantity  the  amount  which  is 
visible  in  the  hypertrophied  gland.  Besides  this  colloid  material, 
which  in  certain  amounts  is  normally  present,  the  alveoli  may 
also  contain  desquamated  epithelium  and  red-blood  'cells.  In 
the  colloid  adenoma  there  is  usually  present  a  large  number  of 
epithelial  cells  within  the  alveolus,  which  stands  in  marked  con- 
trast to  the  hypertrophy  where  no  desquamation  is  evident. 
Again  in  the  adenoma  small  haemorrhages  into  the  alveoli  are 
more  common. 

(c)  As  to  the  stroma.  In  the  adenoma  scarcely  any  connective 
tissue  stroma  is  visible,  the  vesicles  with  or  without  colloid  mate- 
rial being  closely  packed  together.  In  the  hypertrophy,  how- 
ever, while  a  number  of  vesicles  containing  considerable  colloid 
are  in  close  proximity,  being  separated  by  small  amounts  of 
connective  tissue,  the  groups  of  vesicles  are  isolated  and  between 
these  groups  dense  and  rather  large*  amounts  of  connective  tissue 
are  visible. 

Depending  upon  the  secretory  activity  of  the  epithelial  cells 
of  the  adenomata,  a  complex  picture  may  be  produced. 

First,  All  of  the  epithelial  cells  may  begin  to  secrete  actively 
and  varying  amounts  of  colloid  may  appear  within  the  alveolus, 
producing  the  colloid  adenoma. 

Second,  All  the  epithelial  cells  may  fail  to  secrete,  and  then 
we  have  a  type  of  gland  in  which  no  colloid  material  is  visible, 
resembling  in  many  respects  the  type  of  tumor  described  as 
tceidl  adenoma  but  differing  in  that  the  vesicle  is  not  solid — 
f.  e,,  made  up  of  several  layers  of  epithelial  cells,  but  is  merely 
an  alveolus  lined  by  a  single  layer  of  cells  in  which  no  colloid 
material  is  evident. 

Third,  A  number  of  the  cells  may  remain  dormant  while  the 
remainder  are  secreting  colloid  material,  thus  presenting  the 
picture  which  many  authors  describe  as  mixed  adenoma. 
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Cyst  Formations. — Here  I  wish  to  emphasize  the  fact  that 
undoubtedly  a  large  percentage  of  cysts  of  the  thyroid  have  their 
origin  in  adenomata.  Very  frequently  we  find  in  the  walls  of 
cysts  thyroid  tissue  resembling  simple  hypertrophy.  Cyst  for- 
mations however  in  thyroids  that  have  undergone  simple  hyper- 
trophy is  an  extremely  rare  occurrence.  None  of  the  cases 
reported  in  this  series  show  aught  but  minute  cysts  formed  by 
the  rupture  of  the  walls  of  a  few  adjacent  vesicles  and  the 
coalescence  of  their  contained  colloid.  The  adenomata,  however, 
appear  very  prone  to  undergo  degeneration  with  the  formation 
of  cysts.  In  Case  VI  it  was  seen  that  the  tumor  presented  dis- 
tinct evidences  at  its  center  of  beginning  cystic  formation. 

III. — Recurrent  Adenoma.     Three  Cases — Male  2, 
Female  i.  ^ 

The  adenomata,  as  has  been  shown  in  the  preceding  section, 
occur  singly  as  a  rule  and  do  not  present  histologically  or  clinic- 
ally signs  of  malignancy.  ,We  have,  however,  three  cases  in 
which  there  has  been  either  recurrence  at  the  site  of  operation 
or  a  subsequent  appearance  of  a  similar  tumor  in  other  portions 
of  the  gland.  These  were  clinically  considered  to  be  malignant, 
and  the  microscopic  study  revealed  a  more  or  less  atypical  growth 
of  epithelium. 

Case  IX. — (Path.  Nos.  97-3  and  64-19.)  Male,  aged  49.  Thyroid 
tumor  appeared  twenty  years  ago  and  gradually  increased  in  size  up  to 
five  years  ago,  causing  dyspnoea  and  dysphagia. 

Operation,  February  6,  1897,  by  Dr.  Macdonald.  Removal  of  tumor. 
Five  months  later  a  similar  tumor  appeared  in  the  isthmus  and  gradually 
increased  in  size  for  four  and  a  half  years;  and  now  presents  as  a  firm 
apparently  encapsulated  tumor  in  median  line  of  neck  about  4x6  cm.  in 
size.  The  lateral  lobes  of  the  thyroid  show  slight  enlargement.  The 
surgeon,  Dr.  Macdonald,  considered  the  growth  to  be  malignant  and 
the  entire  gland  was  therefore  removed. 

Pathology. — (First  operation.)  Macroscopic  Examination:  Specimen 
consists  of  a  portion  of  the  thyroid  gland  measuring  9x6  cm.  The  outer 
surface  presents  a  mottled  appearance,  the  prevailing  color  being  red, 
with  here  and  there  small  areas  of  discoloration  due  to  haemorrhage. 
The  surface  vessels  are  distended.  On  section  the  specimen  shows  a 
large  empty  cyst,  the  walls  of  which  are  thin  and  covered  by  gelatinous 
substance,  probably  colloid  material.  Other  cysts  are  seen  of  smaller 
size  than  the  one  just  described.  They  are  filled  with  a  colloid  material 
and  in  some  are  small  pea-sized  haemorrhages.  Portions  of  the  growth 
have  undergone  calcareous  degeneration. 
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Microscopic  Examination,^\^o  definite  capsule  is  seen.  The  tumor 
jiroper  is  made  up  of  tissue  of  the  same  general  type  as  that  of  the 
oormal  thyroid  but  which  shows  greater  irregularity  in  the  gland  adni. 
The  connective-tissue  network  is  moderately  augmented ;  this  is  evident  in 
die  size  of  the  strands.  Irregularly  distributed  throughout  the  specimen 
are  collections  of  epithelial  cells  of  the  same  appearance  as  those  con- 
stituting the  normal  gland  structure.  The  gland  spaces  are  for  the  most 
part  smaller  than  normal,  though  here  and  there  dilated  spaces  may  be 
seen.  All  alveoli  contain  homogeneous  pink-staining  material,  presumably 
colloid;  in  a  few  haemorrhage  has  occurred.  There  is  marked  hyperplasia 
of  the  epithelial  cells. 

Microscopic  /^ta^nojtj.— Adenomatous  cysts  of  the  thyroid. 

Second  Operation. — (Path.  No.  64-19.)  Macroscopic  Examination: 
Specimen  consists  of  six  pieces  of  tissue  which  are  evidently  from  the 
thyroid  gland«  The  largest  portion  measures  7x8x4  cm.  Its  outer  surface 
presents  a  somewhat  lobulated  appearance  and  is  covered  with  a  smooth 
membrane  to  which  are  attached  a  few  fibrous  adhesions.  Beneath  the 
membrane  the  color  of  the  tissue  is  a  light  red.  On  section  the  tissue 
is  of  fairly  firm  consistence,  but  varies  somewhat  in  character  in  the 
different  portions.  In  some  places  it  presents  a  semi-translucent  grayish 
white  appearance,  in  others  it  is  darker  in  color  and  somewhat  more 
opaque.  Considerable  portions  of  the  specimen  are  made  up  of  the  colloid 
material.  Here  and  there  are  definite  calcareous  deposits.  In  one  of 
the  smaller  portions  which  measures  7x4x2  cm.  the  tissue  resembles  that 
already  described  except  that  an  area  about  3.5  cm.  in  diameter  is  definitely 
haemorrhagic.  The  remaining  pieces  which  compose  the  specimen  are 
similar  in  structure  to  the  portions  described. 

Microscopic  Examinations. — We  have  here  the  same  general  type  of 
tissue  seen  in  the  tumor  removed  five  years  previously.  Some  of  the 
gland  adni  are  greatly  enlarged  and  filled  with  colloid  material;  others 
are  small  and  have  only  a  cellular  content.  The  epithelium  approaches 
.the  columnar  type  and  in  many  places  shows  no  typical  arrangement. 

Microscopic  Diagnosis. — Adenoma  of  thyroid. 

In  this  case  the  specimen  first  removed  (97-3 )  is  a  cyst  which 
has  apparently  arisen  by  degeneration  of  an  adenoma,  while  the 
second  growth  (64-19)  presenting  the  same  characteristics 
clinically,  was  an  adenoma.  The  significance  of  this  in  relation 
to  cysts  will  be  discussed  under  that  heading. 

Case  X.-— (Path.  No.  64-26.)  Female,  aged  45.  Tumor  of  right  k)be 
which  first  appeared  seventeen  years  ago  (1888).  After  five  years  k 
reached  the  size  of  a  lemon  and  was  removed  September,  1893,  no  path- 
ologic study  was  made.  Four  years  after  first  operation  (1897)  a  similar 
tumor  appeared  in  the  left  lobe  and  was  recovered  six  years  later  (Sep. 
21,  1903),  by  Dr.  Macdonald.  This  tumor  the  patient  states  seemed 
exactly  similar  to  the  first  one.  Both  finally  produced  pressure 
symptoms  upon  the  trachea  and  oesophagus,  and  for  relief  of  these  sym^ 
toms  patient  sought  operation.    With  the  second  tumor  there  was  coo- 
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tidcrable  pain,  and  dyspnoea  and  dysphagia  were  more  pronounced.  The 
description  of  this  tumor  follows: 

Pathology. — Macroscopic  Examination:  Specimen  consists  of  a  portion 
of  thyroid  gland  measuring  approximately  11x4.5x3.5  cm.  Beneath  the 
capsule  except  in  a  small  portion  of  the  end  of  the  tumor  can  be  seen 
numerous  pea  to  cherry-sized  cysts.  In  the  center  of  the  specimen  can 
be  felt  a  hard  stone-like  mass  the  size  of  a  cherry.  On  section  all  but 
a  small  area  at  one  end  of  the  specimen  is  seen  to  be  filled  with  various 
sized  cysts  containing  a  dear  colloid  material.  The  wall  of  one  of  the 
larger  cysts  is  completely  calcified  and  measures  2  mm.  in  thickness. 

Microscopic  Examination.—The  gland  alveoli  are  numerous  and  for 
the  most  part  distended  by  homogeneous  colloid  material.  Some  contain 
also  desquamated  celb  and  leucocytes  many  of  which  are  loaded  with 
pigment  The  alveoli  surrounding  the  more  distended  alveoli  are  small 
and  arranged  concentrically.  Other  areas  show  small  irregularly 
developed  alveoli  Several  are  irregular  and  without  any  distinct  limiting 
wall  and  contain  a  bluish  pink  mucoid-like  material,  blood  pigment  and 
elongated  connective-tissue  nuclei.  The  interalveolar  tissue  shows  hyaline 
degeneration  in  places. 

Microscopic  Diagnosis. — ^Adenoma  with  haemorrhage  and  calcification 
and  a  tendency  to  an  atypical  growth  of  the  epithelium. 

About  two  months  ago,  two  years  after  the  second  operation,  a  tumor 
appeared  in  median  line  of  the  neck  and  has  slowly  increased  in  size. 
This  tumor  Ij  clinically  an  adenoma.  There  is  no  evidence  of  recurrence 
at  the  sites  of  previous  operations.  Patient's  general  health  is  excellent. 
The  patient  is  considering  an  operation. 

Case  XL — (Path.  No.  97-2.)  Male,  aged  60.  Tumor  removed  from 
the  region  of  the  right  lobe  of  the  thsrroid  by  Dr.  Macdonald  nine  years 
ago. 

Pathology. — Macroscopic  Examination:  Specimen  consists  of  a  mass 
almost  the  exact  size  and  shape  of  a  kidney.  The  surface  is  irregular 
and  in  places  it  is  covered  by  a  distinct  capsule  which  is  somewhat 
haemorrhagic  In  other  places  patches  of  connective  tissue  containing 
large  blood-vessels  lie  on  the  surface.  It  is  somewhat  lobulated  and  of  a 
brownish  yellow  color.  On  section  at  one  point  is  seen  a  cyst-like  cavity 
containing  a  friable  grumous  material  of  a  yellowish  color,  slightly  viscid 
and  apparently  cell-detritus.  The  remainder  of  the  tumor  can  be  divided 
into  a  cortical  and  medullary  portion.  The  cortical  portion  averages 
about  1.5  cm.  in  width  and  is  distinguished  from  the  medullary  by  its 
light  color  and  more  or  less  radial  striation  due  to  the  presence  in  its 
substance  of  fine  bands  of  connective  tissue.  The  medullary  substance 
is  distinctly  pinker  in  color  than  the  cortical,  and  the  bands  of  con- 
nective tissue  which  traverse  it  have  no  distinct  or  regular  distribution. 
The  consistence  of  the  tumor  as  a  whole  is  firm,  the  cortical  substance, 
perhaps  being  a  little  firmer.     Distinct  areas  of  calcification  are  present. 

Microscopic  Examination.'^ (Stt  Fig.  II.)  Sections  show  the  tumor 
to  consist  of  a  capsule  and  tumor  substance.  The  capsule  is  for  the 
most  part  made  up  of  fibrous  tissue.  Here  and  there,  however,  it  con- 
tains small  collections  of  cells  of  the  same  type  as  the  gland-cells,  and 
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it  it  evidently  fonned  of  compressed  gland  substance.  The  ttimor  itself 
is  composed  of  a  tissue  of  the  same  general  type  as  normal  thyroid 
tissue.  It  differs  in  the  greater  irregularity  and  shape  of  the  gland  acini. 
Near  the  capsule  the  connective-tissue  network  often  runs  in  parallel 
striae  passing  from  the  capsule  into  the  depths.  In  the  deeper  parts  of 
Ae  tumor  this  cannot  be  made  out.  The  colloid  material  in  one  or  tw* 
places  has  undergone  calcification. 

Microscopic  Diagnosis, — ^Adenonu  of  the  thyroid. 

Recurrence  in  same  location  after  seven  years.  This  second  growtik 
was  an  encapsulated  tumor  which  had  reached  the  size  of  a  hen's  egg. 
Specimen  not  saved  for  pathologic  study. 

A  year  after  the  removal  of  the  second  growth  (April,  1903)  there 
was  again  a  recurrence  which  soon  reached  considerable  size.  On  con- 
sulting a  surgeon  at  this  time  the  process  was  considered  malignant  and 
operation  not  advised.  From  this  time  until  January,  1906,  about  one 
and  one-half  years,  when  patient  was  last  seen,  there  has  been  constant 
increase  in  the  size  of  the  primary  growth,  which  now  measures  7x6  cnL 
in  size.  It  is  located  in  the  right  lobe  of  the  thyroid  and  extendi 
apparently  deep  into  the  neck.  Near  the  upper  pole  of  this  tumor  there 
is  a  second  mass,  which  made  its  appearance  about  one  year  ago.  This 
is  entirely  distinct  from  the  older  tumor,  is  super^dal,  and  has  no  deep 
attachments.  It  is  ovoid  in  shape,  5x4  cm.  in  size,  and  moves  about 
freely  underneath  skin,  which  is  nowhere  adherent  over  either  tumor. 
Patient  has  thus  far  refused  operation. 

We  have  then  in  this  case  a  thyroid  ttunor  which  has  returned 
twice  after  removal,  the  condition  extending  in  all  over  a  period 
of  nine  years,  and  in  which  there  has  developed  now  in  the 
r^on  of  the  recurrent  tumor  a  secondary  growth.  The  patient 
is  still  in  fair  general  health  but  suffers  from  the  effects  of 
pressure.  The  question  of  carcinoma  arises.  The  long  dura- 
tion would  almost  exclude  this  possibility.  The  growth,  while 
of  large  size,  is  as  far  as  can  be  determined,  encapsulated,  and 
affects  the  health  of  the  patient  only  by  its  mechanical  presence. 
Histologically,  the  first  growth  removed  can  be  characterized  only 
as  an  adenoma,  though  it  does  present  an  unusual  picture, 
similar  to  that  in  the  other  two  cases  described  in  this  group. 
An  interesting  feature  is  that  in  all  of  these  cases  the  patients 
are  now  over  40  years  of  age.  In  one  the  onset  of  the  first 
growth  was  at  51  and  in  the  other  two,  one  at  29  and  the  other 
at  32  years  of  age,  thus  differing  from  the  usual  history  of 
adenoma. 
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IV.— Cysts.  12  Casks. 

No. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

Average  age  of  onset,  27  years  and  6  months;  average  age  at  open- 
tion,  32  years  and  6  months;  average  duration  of  disease,  6  yean; 
females  7,  males  3;  sex  not  stated  2. 

We  recognize  three  main  types  of  thyroid  cysts,  simple, 
hamorrhagic,  and  adenomatous  cysts} 

Simple  Cysts. — ^Three  cases. 

Cask  XII.— (Path.  No.  06-197.)  Male,  aged  16  years.  When  six  yean 
of  age  his  parents  noticed  a  small  Imnp  about  the  size  of  a  hickory-nut 
in  the  region  of  the  left  lobe  of  the  thyroid.  This  increased  very  little 
in  size  until  four  years  ago,  since  which  time  there  has  been  slow  but 
gradual  enlargement  There  is  no  exophthalmus  or  tremor,  but  the  boy 
is  of  a  nervous  disposition. 

Operation,  January  22,  1905,  by  Dr.  Beilby.  Anaesthetic,  cocaine.  In  the 
region  of  the  left  lobe  of  the  thyroid  is  found  a  smooth  ovoid  tumor  about 
5x9  cm.  with  its  larger  diameter  extending  from  the  thyroid  cartilage 
towards  the  ear.  No  lobulations  can  be  made  out.  The  tumor  is  very 
tense  and  no  definite  fluctuation  can  be  determined.  It  is  attached  to  the 
larynx  and  moves  up  and  down  perceptibly  on  swallowing.  The  cyst  was 
excised  without  rupture.  The  thyroid  tissue  about  the  cyst  appears 
fiormal. 

Pathology, — Macroscopic  Examination:  Specimen  consists  of  a  cyst  of 
Che  thyroid  gland  measuring  about  6x9  cm.  in  size.  Its  outer  surface  is 
smooth  and  only  at  the  pole  can  thyroid  tissue  be  seen.  On  opening  the 
cyst  the  walls  are  found  to  be  very  thick  and  fibrous.  The  contents 
of  the  cyst  is  a  brownish  translucent  fluid  with  numerous  oil-globules 
floating  about  in  it    The  inner  surface  of  the  cyst-wall  is  very  whito 

>In  fkddition  to  these,  occur  thr  small  multiple  cysts  found  with  great  frequency  in  the 
simple  hypertrophic  ffland.  They  never  attain  any  great  size  and  are  undoubtedly  caused 
t»y  th^  coalescence  of  two  or  more  distended  vericlcs  with  fusion  of  their  colloid  coote&la. 
CUnieally,  they  never  produce  any  »3maptoms  and  are  only  of  pathologic  interest 
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and  fibrous  and  is  covered  with  many  Aakes  of  fibrin  and  some  atheroma- 
tous patches.  One  small  area  of  the  thyroid  tissue  1x1.5  cm,  projects 
from  the  inner  wall  of  the  cyst. 

Microscopic  Examination, — Cyst-wall:  outer  layer  of  loose  fibrous  con- 
nective tissue  with  blood-vessels  and  a  very  cellular  central  zone.  At 
first  glance  these  cells  look  like  lymphoid  cells,  but  the  presence  here  and 
there  of  small  amounts  of  colloid  material  leads  to  the  conclusion  that 
they  represent  greatly  compressed  thyroid  vesicles  with  atrophied  epithe- 
lium. The  next  layer  is  the  inner  wall  of  the  cyst,  which  is  composed  of 
loose  lamelke  of  tissue  and  masses  of  blood-corpuscles,  suggesting  an 
organized  blood  dot 

Microscopic  Diagtiosis. — Simple  cyst  of  thyroid. 

At  present,  one  year  after  operation,  patient  is  perfectly  well 

This  is  the  type  of  a  thin-walled  cyst.  They  occur  in  glands 
that  are  apparently  normal.  The  cyst-wall  is  composed  of  com- 
pressed thyroid  tissue.  The  inner  wall  is  usually  smooth  and 
fibrous  but  may  be  lined  with  a  mass  of  epithelial  cells.  The 
contents  is  usually  fluid  but  varies  both  in  color  and  consistence, 
the  color  depending  on  the  amount  of  blood  and  the  consistence 
cm  the  admixture  of  colloid. 

HcBtnorrhagic  Cysts,    One  case. 

The  following  case  illustrating  this  t)^,  is  perhaps  almost 
unique. 

Case  XIII. — (Path.  No.  195.)  Male,  aged  41.  Eight  years  ago  patient 
fell  backward  down  stairs.  Noticed  at  once,  following  the  fall,  a  swelling 
in  the  region  of  the  right  lobe  of  the  thyroid  gland.  This  increased  in 
size  but  little  until  a  few  days  previous  to  operation,  when  a  rapid  enlarge- 
ment occurred.  This  was  accompanied  by  a  constant  dull  pain  for  which 
the  patient  sought  advice. 

Operation,  March  16,  1904,  by  Dr.  Elting.  Nitrous  oxide  and  ether. 
Excision  of  the  right  lobe  of  the  thyroid.  50  cc  of  brownish  fluid 
was  evacuated  from  the  cyst  during  its  removal. 

Pathology. — Macroscopic  Examination:  Specimen  consists  of  an  en- 
capsulated mass,  evidently  comprising  the  entire  right  lobe  of  the  thyroid 
gland.  It  measures  10x5x4  cm.  On  section  a  large  cavity  is  found  from 
which  was  evacuated  50  cc  of  reddish  brown  fluid  containing  necrotic 
tissue.  The  necrotic  material  is  both  free  in  the  cavity  and  adherent  to 
the  walls  of  the  cyst.  Here  and  there  in  the  walls  are  found  calcified 
areas,  none  larger  than  5  mm.  in  diameter.  The  wall  of  the  cyst  averages 
about  5  or  6  mm.  in  thickness. 

Microscopic  Examination. — Sections  show  the  cyst-wall  to  be  composed 
of  thyroid  tissue,  in  general  fibrous,  but  in  some  areas  quite  normal 
There  are  areas  of  hemorrhage  and  necrosis.  In  these  areas  and  sur- 
rounding them  is  an  extensive  infiltration  with  polynuclear  leucocytea» 
though  in  general  the  tissue  is  infiltrated  with  lymphoid — ^and  plasma- 
cells.  The  picture  Everywhere  presented  is  that  of  chronic  inflammation 
with  tissue  degeneration  and  focal  areas  of  necrosis.  The  type  of 
thyroid  vesicle  where  it  can  be  made  out  is  that  of  the  normal  gland. 
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Microscopic  Diagnosis. — Harmorrhagic  cyst  with  chronic  thyroidiHa, 
hjemorrhage  and  necrosis. 

Haemorrhage  has  always  been  assigned  as  an  important  fzctor 
in  the  production  of  thyroid  cysts.  The  presence  of  haemor- 
rhage, recent  or  old,  in  cyst  contents  or  its  walls  is  an  almost 
constant  observation.  It  seems  probable,  however,  that  this  is 
much  more  commonly  a  secondary  process  than  the  true  etiologic 
factor.  That  a  primary  haemorrhage,  produced  either  by  vio- 
lent trauma,  or  the  rupture  of  a  small  blood-vessel  from  any. 
cause  within  the  substance  of  the  thyroid  gland,  is  capable  of 
producing  later  a  cyst  there  can  be  no  doubt 

Adenomatous  Cysts. — ^Ten  cases. 

That  the  adenomata  play  such  an  important  rdle  in  the  pro- 
duction of  cysts  seems  not  to  have  been  generally  recognized. 
In  this  series,  70  per  cent.,  or  10  of  the  14  cases,  present  evidence 
of  having  arisen  from  this  type  of  ttunor. 

Case  XIV.— (Path.  No.  05-010.)  Female,  aged  26.  Tumor  of  neck 
nine  years,  gradual  increase  in  size,  more  rapid  during  the  last  year. 
Dyspnoea  and  tachycardia  on  exertion.  Pulse  constantly  104-106. 
Marked  harshness  of  voice.  G>mplains  of  headache  and  pain  in  right 
ear.    Tumor  is  situated  in  median  line  and  moves  with  deglutition. 

Operation,  July  17,  1905,  by  Dr.  Beilby.  Cocaine.  Transverse  incision. 
Excision  of  cyst  of  isthmus.  The  remainder  of  the  thyroid  gland  ap- 
peared normal. 

Pathology. — Macroscopic  Examination:  Specimen  consists  of  a  thick 
walled  cyst  of  the  th}rroid  which  was  removed  at  operation  without  rup- 
ture. It  is  nearly  globular  in  shape  but  slightly  flattened  in  its  anterior- 
posterior  diameter.  It  measures  7-5x5-5  cm.  Its  capsule  is  of  a  pink 
color,  very  delicate  and  easily  torn.  The  blood-vessels  are  large  and 
tortuous.  It  is  rather  soft  and  fluctuant.  On  section  it  is  fotmd  to 
contain  a  brownish  bloody  fluid.  This  cavity  is  approximately  4.5x3  cm. 
in  size.  The  wall  of  this  cyst  measures  from  5  to  15  nun.  in  thickness 
and  seems  for  the  most  part  to  be  composed  of  apparently  normal 
thyroid  tissue.  There  are  some  areas,  however,  which  resemble  glandular 
hyperplasia.  Again  other  areas  show  haemorrhage  and  necrosis.  Blood- 
vessels are  large  and  numerous. 

Microscopic  Examination. — Section  through  cyst-wall  shows  a  thick 
capsule,  which  has  apparently  been  formed  by  compression  of  thjrroid 
tissue.  Scattered  throughout  are  many  normal  thyroid  cells  and  in  some 
areas  are  acini  flUed  with  colloid  material  and  lined  with  cuboidal 
epithelium.  From  this  capsule  strands  of  connective  tissue  extend  to 
the  deeper  portion  of  the  cyst  wall  and  form  a  definite  connective-tissue 
framework,  presenting  somewhat  the  histologic  structure  of  thyroid 
acini.  These  spaces,  however,  are  packed  with  what  are  apparently 
desquamated   epithelial   cells.    A   few    normal   acini   are   noticed,   which 
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are  filled  with  colloid  material.  Other  sections  show  in  addition  free 
jnasses  of  red-blood  corpuscles,  and  marked  hyaline  degeneration  ol 
^e  connective  tissue. 

Microscopic  Diagnosis, — Cyst  in  a  mixed  adenoma. 

At  present,  eight  months  after  operation,  the  patient  is  in  excellent 
iiealth.  The  huskiness  of  her  voice  has  largely  disappeared,  her  pulse 
has  dropped  ten  to  twelve  beats  per  minute,  and  she  is  not  so  nervous 
4U  before  operation. 

Cask  XV.— (Path.  No.  64-23.)  Female,  aged  26.  Has  had  a  tumor 
in  the  right  side  of  the  neck  in  the  region  of  the  thyroid  for  five  years. 
Tumor  first  appeared  during  first  pregnancy.  There  has  been  a  gradual 
slow  increase  in  size  up  to  three  years  ago,  when  after  the  birth  of  her 
second  child  the  growth  became  more  rapid. 

Pathology, — Macroscopic  Examination :  Specimen  consists  of  a  globular 
cystic  mass  5x3.3x2.5  cm.,  the  outer  surface  of  which  is  smooth  and 
encapsulated.  On  section  the  cyst  contents  are  found  to  consist  of  a 
brownish  fluid.  The  cyst  wall  is  smooth.  The  cyst  originates  in  the 
thyroid  gland,  and  to  its  outer  surface  fragments  of  normal  thyroid- 
tissue  are  adherent 

Microscopic  Examination. — ^The  capsule  is  composed  apparently  of 
compressed  thyroid  alveoli.  Within  the  capsule  proper  the  tissue  has  the 
structure  of  thyroid  and  very  slightly  approaches  the  characteristic  foetal 
type  of  gland.    No  colloid  is  visible. 

Microscopic  Diagnosis. — Cyst  in  a  pure  adenoma. 

Case  X VI.— -(Path.  No.  97-4.)  Female,  aged  20;  has  had  a  tumor  in 
the  region  of  the  isthmus  of  the  thyroid  for  eighteen  months. 

Operation,  October  19,  1897,  by  Dr.  A.  Vander  Veer. 

Pathology. — Macroscopic  Examination:  Specimen  consists  of  an  oval 
piece  of  tissue  4*5x3.5x2.5  cm.  It  is  for  the  most  part  cystic,  the  cystic 
contents  having  been  removed,  leaving  a  cavity  which  occupies  about 
two-thirds  of  the  tumor,  the  upper  third  consisting  of  a  solid  mass  of 
tissue.  The  outer  surface  of  the  tumor  is  moderately  smooth,  but  here 
and  there  are  the  remains  of  adhesions.  The  cyst-cavity  is  the  size  of  a 
walnut  and  its  walls  are  thin,  averaging  about  i  mm.  in  thickness.  The 
inner  surface  is  very  irregular,  and  is  traversed  here  and  there  by  raised 
bands.  The  color  varies  from  pinkish  to  grayish  white.  Secondary  cysts 
varying  from  those  the  size  of  a  pin-head  to  those  the  size  of  a  pea  can 
ht  made  out  in  the  walls.  They  contain  a  mucilaginous  yellowish-brown 
fluid.  In  places  on  the  inner  surface  of  the  cavity  are  areas  of  calcareous 
deposit  The  solid  portion  of  the  tumor  is  only  moderately  firm  in 
consistency  and  measures  2x1  cm.  Its  cut  surface  is  of  a  yellowish  gelat- 
inous appearance.  It  contains  a  number  of  small  cysts  filled  with  fluid, 
which  varies  in  color  from  a  light  to  a  dark  brown. 

Microscopic  Examination. — ^The  tumor  on  section  presents  varying 
appearances.  In  some  places  it  has  the  ordinary  appearance  of  thyroid 
:gland  structures,  being  made  up  of  cavities  of  various  sizes,  containing 
•colloid  material,  between  which  are  cellular  bands  of  tissue.  This 
appearance  is  confined  particularly  to  the  portion  of  the  tumor  furthest 
removed  from  the  cyst  cavity.  The  walls  of  the  cyst  cavity  are  made  up 
10 
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lor  the  mo0l  ptrt,  ol  a  im  solid  tiatoe,  oonposcd  of  a  basement  sub- 
stance  containing  nnmeroos  epithelial  and  spindle  shaped  cells.  In  this 
substance  are  to  be  seen  the  compressed  remains  of  the  thyroid  alveoli  and 
also  a  very  large  number  of  cells  containing  a  yellowish  brown  pigment, 
evidently  changed  blood-pigment  At  one  point  are  present  in  the  tmnor 
a  nmnber  of  wedge-shaped  qiaces,  the  walls  of  which  are  formed  by  the 
tmnor-tissne.  In  these  are  occasional  spaces  representing  a  deposit  of 
crystals,  prcsmnably  cholesterin.  The  cells  about  these  spaces  are  mul- 
tinndeated,  apparently  foreign-body  giant-cells. 
Microscopic  Diagnosis,^Cyst  in  a  colloid  adenoma. 

It  will  be  recalled  that  in  discussing  the  adenomata  we  recog- 
nized two  types  of  thyroid  vesicles— one  large  and  ccmtaining 
colloid,  and  the  other  smaller  in  which  no  colloid  was  visible; 
also  a  third  variety,  ccnnbining  the  characteristics  of  these  two. 
In  the  walls  of  these  cysts  we  find  a  histologic  structure  which 
exactly  corresponds  to  one  or  the  other  of  these  types.  As  we 
might  perhaps  expect,  the  colloid  adenoma  is  the  variety  which 
most  frequently  undergoes  cystic  degeneration.  Five,  or  one- 
half,  of  the  cysts  in  this  series  were  of  this  type.  In  only  one 
could  no  colloid  be  seen  in  the  tissue  of  the  cyst-wall.  Four 
were  of  the  mixed  variety.  Aside  from  the  histologic  evidence 
of  the  production  of  cysts  from  solid  adenomata,  we  have  in 
certain  of  the  cases  a  gross  appearance  indicating  beyond  doubt 
that  the  tumor  was  originally  an  adenoma  and  that  degeneration 
has  taken  place  with  a  resulting  cyst  formation.  Of  importance 
m  this  connection  is  the  observation  of  cholesterin  crystals  indi- 
cating fatty  transformation  of  the  epithelial  elements.  If  the 
process  is  an  early  one  the  cysts  may  be  only  of  small  size  and 
the  structure  of  the  adenoma  still  be  retained. 

As  the  degeneration  advances  and  the  fluid  contents  of  the 
cyst  is  increased  in  amount,  there  is  compression  of  the  alveoli 
and  later  many  of  the  cells  may  atrophy  and  the  stroma  tmdergo 
various  forms  of  degeneration,  giving  widely  varying  and  very 
complex  pictures.  The  inner  layer  of  the  cyst  may  then  be  said 
to  be  composed  of  the  remains  of  the  adenomatous  tissue,  while 
the  wall  proper  represents  the  fibrous  capsule  of  the  original 
adenoma,  and  the  outer  layer,  the  stroma  and  compressed  alveoli 
of  the  surrounding  thyroid-tissue.  With  the  enlargement  of  die 
cyst  and  its  encroachment  upon  the  surrounding  normal  thjrroid- 
tissue  we  often  get  a  lamellated  appearance.  These  lamella  are 
as  the  result  of  the  successive  compressions  of  the  normal  gland- 
tissue,  with  subsequent  atrophy  of  the  epithelial  structures,  leav- 


Digitized  by  VjOOQ IC 


GBORGE  EVEKETT  BBILBy  113 

ing  on]y  the  stroma  and  alveolar  walls.  Thus  fibrous  bands  of 
varying  thickness  appear.  Between  these  layers  are  often  seen 
normal  thyroid  vesicles,  and  vesicles  in  various  stages  of  atrophy. 
The  histogenesis  of  these  cysts  may  be  said  to  be  as  follows: 
In  the  beginning  we  have  an  encapsulated  adenoma  composed 
of  cells  which  present  no  colloid  secretion.  As  the  growth  con- 
tinues colloid  material  is  secreted  and  a  coalescence  of  these 
colloid  vesicles  in  the  center  of  the  tumor  is  to  be  seen.  Haemor- 
rhage occurs  and  we  have  a  cystic  cavity  filled  with  bloody  col- 
loid material.  The  fibrous  capsule  of  the  original  adenoma  forms 
the  wall  of  the  newly-formed  cyst.  As  the  degenerative  process 
continues  and  the  contents  of  tiie  cyst  increases  the  ttmior  neces- 
sarily becomes  larger  and  pressure  is  exerted  on  the  surrotmd- 
ing  normal  tissue,  causing  atroj^y  of  apparently  normal  vesicles. 
As  in  long  continued  d^enerative  processes  occurring  in  other 
tissues,  lime  salts  may  eventually  be  deposited  in  the  wall  of  the 
cyst,  giving  extensive  calcified  areas. 

V. — ^Aberrant  or  Metastatic  Thyroid  Tumors  Which  Are 
Histologically  Benign  but  Clinically  Malignant. 

One  Case. 

Casi  XVII.— (Path.  No.  88-^)  Male,  aged  6s  years.  Family  and 
^ast  history  not  important.  Six  months  ago  first  noticed  a  fullness  of 
fight  side  of  face  and  difficulty  in  breathing  through  right  nostril.  Tumor 
has  ina-eased  in  size  rapidly  and  has  been  accompanied  by  considerable 
pain.  At  present  there  is  complete  occlusion  of  the  right  nostril  and 
bulging  of  right  eyeball  with  infianunation  of  conjunctiva,  and  obstruction 
of  tear  duct  At  the  operation  by  Dr.  Vander  Veer  the  antrum  of  High- 
more  was  opened  but  only  a  small  portion  of  the  growth  was  removed. 
Its  extensive  character  made  a  complete  removal  impossible.  The  clinical 
diagnosis  was  sarcoma  of  antrum. 

Pathology. — Macroscopic  Examination:  Specimen  consists  of. an  irregu- 
lar mass  of  tissue  removed  from  the  upper  jaw.  There  are  one  or  two 
pieces  of  bone,  the  remainder  of  the  tissue  being  of  a  grayish  white  color 
and  having  the  appearance  of  granulation  tissue. 

Microscopic  Examfnation,^TYit  sections  indicate  that  the  tissue  is  that 
of  the  thyroid.  Two  definite  pictures  are  presented.  First,  large  alveoli 
filled  with  colloid,  lined  usually  by  a  single  layer  of  cubical  epithelium, 
and  containing  throughout  the  colloid  substance  many  desquamated 
epithelial  cells  which  tsJce  the  stain  rather  poorly.  Second,  areas  showing 
epithelial  hyperplasia  but  less  tendency  to  colloid  secretion,  giving  the 
tissue  a  more  solid  cellular  appearance.  On  careful  examination  of  these 
cellular  areas  they  are  found  to  be  composed  of  closely  packed  thyroid 
vesicles,  some  of  fair  size  but  filed  with  cells  which  approadi  a  cohimnar 
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type.  Hcmorrliages  into  the  alveoli  are  freqneiit  Conoective  tbsoe 
•troma  is  very  scant  The  tissue  shows  signs  of  inflammation  in  places^ 
containing  a  number  of  polynudcar  leucocytes. 

Microscopic  Diagnosis.— KbtrtuA  or  metastatic  thyroid  tumor. 

For  the  further  history  of  the  case  I  am  indebted  to  Dr.  Merritt,  of 
Cherry  Valley,  who  writes  me  that  the  growth  increased  very  rapidly  after 
the  patient  left  the  hospital  and  finally  involved  the  right  ore.  The  bony* 
structures  he  thinks  were  extensively  involved  as  some  of  the  teeth  and 
a  portion  of  the  superior  maxilla  were  lost  during  the  course  of  the 
disease.  To  the  best  of  the  doctor's  recollection  and  that  of  the  patient's 
friends,  there  was  no  hypertrophy  or  tumor  of  the  thyroid  gland,  either 
previous  or  subseciuent  to  operation. 

To  establish  a  positive  diagnosis  of  metastaiic  adenoma  of  the 
thyroid,  we  must  necessarily  have  at  least  clinical  evidence  that 
a  primary  adenoma  existed  in  the  thyroid  g^land.  This  evidence 
is  wanting.  If  such  an  adenoma  existed  it  was  so  small  as  t# 
escape  notice.  Whether  or  not  such  a  primary  ttunor  existed 
die  case  is  of  equal  interest 

There  are  now  in  the  literature  records  of  about  20  cases 
of  tumors  apparently  metastases  from  the  thyroid,  which  were 
histologically  benign.  As  in  a  number  of  these  instances  there 
has  been  no  apparent  primary  thyroid  lesion,  these  cases  have 
been  considered  as  metastases  from  normal  thyroid  tissue. 
Where  a  thyroid  lesion  has  been  observed  it  has  been  that  of 
simple  hypertrophy  or  adenoma,  and  the  metastatic  tumor  has 
had  a  similar  histologic  structure.  These  metastases,  which 
may  be  single  or  multiple,  have  occurred  most  frequently  in 
bone,  and  have  often  been  removed  under  the  supposition  that 
they  were  primary  growths.  Aside  from  the  fact  that  these 
ttmiors  are  probably  of  metastatic  origin,  they  present  as  a  rule 
no  other  indication  of  malignancy.  Frequently,  however,  they 
have  been  known  to  recur  after  removal  and  a  ntmiber  of  cases 
have  thus  resulted  fatally.  Therefore  the  important  question 
arises,  are  not  these  tumors  malignant  and  should  they  not 
always  be  considered  as  such  by  the  surgeon  ? 

In  the  case  I  report  the  tumor  presented  clinically  every  indir 
cation  of  malignancy.  Its  invasion  of  tissue  was  rapid  and 
death  was  caused  in  eight  months  after  its  onset.  As  there 
never  was  observed  any  hypertrophy  or  tumor  of  the  thyroid 
gland,  we  can  only  assume  that  if  this  was  a  metastatic  tumor 
the  metastasis  was  from  normal  thyroid  tissue.  As  will  be 
noted,  however,  in  the  microscopic  study,  the  growth  was  his- 
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tologically  a  thyroid  adenoma  and  of  the  type  we  have  described 
as  mixed  adenoma. 

In  the  case  reported  by  Oderfeld  and  Steinhaus^  the  first 
tumor  observed  was  in  the  frontal  bone.  This  was  removed 
and  histologically  found  to  have  the  structure  of  normal  thyroid. 
The  patient  was  again  seen  after  an  interval  of  six  months,  but 
no  recurrence  was  evident  After  about  a  year  there  was  a 
recurrence  and  also  other  similar  tumors  made  their  appearance, 
one  in  the  temporal  region  and  one  at  the  stemo-clavicular 
articulation.  Clinically  these  tumors  were  considered  to  be 
malignant.  At  the  request  of  the  patient  the  one  in  the  temporal 
r^on  was  removed.  This  presented  a  similar  structure  to  the 
one  removed  from  the  forehead  one  year  before.  The  patient 
died  a  few  weeks  later.  Before  death  a  thickening  of  the  under 
half  of  the  right  lobe  of  the  thyroid  was  noted.  A  complete 
autopsy  was  not  permitted,  but  all  visible  tumors  were  removed 
together  with  the  thyroid  gland.  Within  the  substance  of  the 
right  lobe  of  the  thyroid  was  found  a  small  nodular  thickening 
2  cm.  in  diameter.  The  remainder  of  the  thyroid  appeared 
normal.  The  tissues  were  all  carefully  sectioned  and  examined, 
the  authors  expecting  to  find  carcinomatous  degeneration,  but 
the  structure  throughout  the  tumor  of  the  thyroid  and  the  other 
isolated  tumors  of  the  head  and  neck  were  uniformly  the  same, 
and  as  they  observe  had  the  exact  structure  of  normal  thyroid 
tissue.  They  regard  the  small  thyroid  nodule  as  the  primary 
tumor  and  the  tumors  of  the  head  and  neck  as  metastases. 

Etiology, — ^The  fact  that  we  have  in  these  metastatic  tumors 
structures  similar  or  almost  identical  to  the  tissue  found  in  the 
normal  gland  lends  special  interest  in  the  etiology  of  these 
ttmiors.  In  its  consideration  several  factors  may  be  taken  into 
account. 

First,  Origin  from  misplaced  embryonal  tissue.  The  theory 
which  has  been  advanced  by  Conheim  in  which  he  regards  the 
etiology  of  malignant  growths  as  due  to  misplaced  embryonic 
cells  might  be  applied  to  tumors  of  this  class. 

Second,  Origin  from  aberrant  or  accessory  thyroid.  Mur- 
phy in  a  recent  article*  calls  special  attention  to  a  group  of  acces- 
sory thyroid  glands  which  he  frequently  finds  at  the  base  of  the 
tongue  and  which  he  classified  as  the  superior  group.    He  records 

Ktmralb.  f.  aUg.  Path.  n.  path.  Anai,,  1903.  xlv.  84. 
Vo«r.  cf  th€  Awt4r.  M^d.  AMto€»t  19051  xl^t  iSs4. 
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39  cases.  In  only  three  is  there  a  note  upon  the  histology  of  the 
tumor.  Two  presented  the  appearance  of  "  normal  thyroid,"  and 
one  of  "  colloid  goitre."  In  six,  or  15  per  cent  of  the  cases,  there 
was  recurrence  after  removal  but  no  other  signs  of  malignancy. 

Third,  Propagation  of  bits  of  thyroid  tissue  through  the  cir- 
culatory system.  It  is  a  well-known  fact  that  certain  tissues, 
especially  young  embryonal  cartilage,  when  transplanted  into  dif- 
ferent tissues  of  the  body  or  when  injected  into  the  circulatory 
apparatus  are  apparently  nourished  and  in  certain  instances  con- 
tinue to  grow.  An  apparently  analogous  condition  is  true  in 
regard  to  the  thyroid-gland  tissue.  Portions  of  this  gland  have 
been  excised  and  immediately  transplanted  into  another  animal 
of  a  foreign  species.  The  tissue  not  only  has  remained  alive  but 
has  apparently  continued  to  produce  its  normal  secretion.  Al- 
though no  proof  is  at  hand,  it  is  possible  that  these  metastatic 
tumors  could  result  from  small  particles  of  thyroid  tissues  which 
had  found  their  way  into  the  circulatory  apparatus  and  had  been 
transferred  to  distant  portions  of  the  body.  In  an  organ  as  vas- 
cular as  the  thyroid  such  a  condition  is  not  inconceivable,  es- 
pecially under  conditions  of  trauma. 

As  is  well  known  metastases  from  tumors  of  the  thyroid,  like 
those  of  the  prostate,  occur  most  commonly  in  bony  structures. 

VI. — Exophthalmic  Hypertrophy.    Six  Cases. 
All  Females. 

Age  of  Ajwat 

No.  oniei.         operation.  Duration. 

1 28  29  16  months. 

2 2$  26  I  year. 

3 20  21  I  year. 

4 24  27  3  years. 

5 28  43  IS  years. 

6 44  46  2  years. 

Average  age  of  onset,  28 ;  average  age  at  operation,  32 ;  average  dura- 
tion of  disease,  3  years  and  10  months. 

Result, — In  two  cases  death  occurred,  one  (case  No.  3)  on  the 
table  at  the  end  of  operation  as  a  result  of  the  anaesthetic;  the 
other  (case  No.  2)  died  seven  days  after  operation,  with  the 
symptoms  of  extreme  hyperthyroidization.  The  remaining  four 
cases  have  been  either  entirely  cured  or  greatly  benefited  by  the 
operation.    Case  No.  i,  four  years  after  operation,  is  well  and 
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all  the  symptoms  have  been  relieved  except  slight  prcmiinence  of 
the  eyes  which  remains.  The  portion  of  the  gland  that  was  left 
at  operation  is  now  distinctly  palpable.  Case  No.  4,  one  year 
and  two  months  after  operation:  the  s3anptoms  are  all  relieved 
and  the  patient  is  able  to  pursue  his  work.  Before  operation  ex- 
ophthalmus,  tachycardia  and  nervousness  were  marked.  Case 
No.  5  is  well  ten  months  after  operation.  Case  No.  6:  operation 
was  done  but  one  month  ago.  The  condition  of  the  patient  is 
improved. 

Case  XVIII.— (Path.  No.  64-25.)  Female,  married,  aged  26.  Com- 
plains of  enlargement  of  neck,  poor  sight  and  some  difficulty  in  breathing. 
Onset  one  year  ago;  first  symptom  enlargement,  followed  by  exophthal- 
mus.  Thyroid  gland  now  presents  symmetrical  enlargement;  exophthal- 
mus  very  pronounced,  marked  tremor  of  hands.  Systolic  murmur  heard 
over  base  of  heart;  not  transmitted.    Heart  not  enlarged.    Pulse  140. 

Operation,  June  24,  1903,  by  Dr.  A.  Vander  Veer.  Ether  anaesthesia. 
Both  rifi^t  and  left  lobes  were  removed.  For  three  or  four  days  after 
operation  the  pulse  ranged  between  130  and  158^  temperature  between  100 
and  102*^  F.    Delirious  at  intervals.    Death  on  the  seventh  day. 

Pathoiogy.^-Tht  gross  description  merely  contains  the  statement  HyU 
the  specimen  consisted  of  two  masses  of  glandular  tissue,  one  measuring 
8x4x2  cm.  and  the  other  5x4x1.5  cm. 

Microscopic  Examination. — (See  Fig.  3.)  Sections  i,  2  and  3  all  show 
the  lobulated  structure  of  the  thyroid  gland.  There  is  an  increase  in  the 
interlobular  connective  tissue.  The  vesicles  composing  the  lobules  are 
very  irregular  in  size  and  shape.  The  colloid  material  in  many  of  the 
vesicles  has  been  entirely  replaced  by  epithelial  cells.  Instead  of  a  single 
layer  of  epithelium  lining  the  individual  vesicles,  we  see  a  number  of 
layers,  this  proliferation  of  cells  often  producing  invaginations  or  papillary 
projections  into  the  cavity  of  the  vesicle.  In  certain  areas  this  prolifera- 
tion of  cells  has  advanced  to  such  an  extent  as  to  completely  fill  the 
vesicle  and  we  have  entire  lobules  presenting  a  solid  cellular  structure; 
The  cells  are  of  a  high  colmnnar  type.  There  is  lymphocytic  infiltration 
in  areas. 

Microscopic  Diagnosis, — ^Advanced  and  diffuse  exophthalmic  hypertro- 
phy. 

Case  XIX.--(Path.  No.  763.)  Female,  single,  aged  21.  Enlargement 
of  thyroid  for  one  year,  more  marked  on  right  side.  Exophthalmui, 
tremor  and  tachycardia  pronounced.  As  patient  steadily  grew  worse 
under  medical  treatment,  operation  was  advised. 

Operation,  September  28,  1904,  by  Dr.  Elting.  Ether  anaesthesia.  Ex- 
cision of  right  lobe  and  isthmus.  Left  lobe  not  removed.  The  patient 
died  on  the  table  at  the  end  of  operation. 

Pathology. — Macroscopic  Examination :  Specimen  consists  of  two  pieces 
of  tissue,  measuring  respectively  6x4.5x3  cm.  and  3x2.5x2  cm.  in  size. 
Both  are  of  similar  structure.  The  larger  is  somewhat  lobulated  and  It 
encapsulated  except  on  one  surface,  near  the  upper  pole,  where  there  h 
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«  raw  granular  surface  corresponding  in  diameter  to  the  smaller  piece. 
Both  masKft  ^rt  more  or  less  nodular  and  on  section  have  a  pinldsl^ 
white  granular  appearance.  There  are  several  cysts  as  to  i  cm.  in 
diameter  containing  straw-colored  grumous  fluid.  The  surface  presents^ 
rather  round  or  oval  areas,  each  being  somewhat  distinct  from  the  other. 

Microscopic  Examination, — The  sections  present  an  unusual  picture  for 
exophthalmic  hypertrophy.  They  have  in  general  a  definite  lobulated 
glandular  appearance.  In  many  lobules  the  proliferation  of  epithelial 
cells  has  progressed  to  such  an  extent  as  to  entirely  obliterate  the  char- 
acteristic thyroid  gland  structure,  giving  solid  q>ithelial  masses.  The^ 
walls  of  the  mdividual  vesicles  have  disappeared,  evidently  as  a  result 
of  pressure.  In  one  such  area  vsee  Fig.  4)  there  is  in  addition  an 
snusual  change  in  the  cell  morphology.  As  seen  in  the  microscopic 
drawing,  the  cells  are  very  large  and  irregular  in  shape  and  in  this  regard 
suggest  very  strongly  malignant  transformation.  In  one  section,  evi- 
dently rq>resenting  the  wall  of  the  small  cyst  mentioned  above,  the  hyper- 
trophy is  not  so  far  advanced  and  hyperplasia  of  the  cells  with  papillary 
projection  or  invagination  of  the  epithelial  layers  into  the  cavity  of  the 
vesicle  is  seen,  representing  more  the  picture  we  recognize  as  that  of 
exophthalmic  hypertrophy.  The  colloid  material  except  in  a  few  places 
has  disappeared.  In  the  study  of  these  sections  one  is  impressed  with  the 
possibility  of  the  association  of  exophthalmic  hypertrophy  and  carcinoma.. 

Case  XX. — (Path.  No.  05-13761)  Female,  single,  aged  46.  For  six 
years  headache,  extreme  nervousness  and  dizziness  at  irregular  intervals. 
Two  years  ago  onset  of  exophthalmus,  tachycardia  and  tremor.  Four 
months  later  observed  enlargement  of  thyroid  gland.  This  enlargement 
is  symmetrica]  and  well  marked. 

Note  on  physical  examination, — Patient  is  a  rather  slightly  built  woraan^ 
rather  poorly  nourished  and  anaemic  Areas  of  discoloration  of  skin  on 
left  cheek  and  backs  of  both  hands.  Exophthalmus  definite  but  not  of 
an  extreme  degree.  Sight  has  failed  rapidly.  Pulse  regular,  of  even 
tension,  96  per  minute.  On  admission  to  hospital  it  is  recorded  as  90^ 
Thyroid  gland  shows  a  nearly  symmetrical  enlargement,  left  lobe  a  little- 
larger  than  the  right,  measuring  about  8.5x5  cm.  and  is  moderately  firm* 

Operation,  December  ag,  1905,  by  Dr.  Elting.  Ether;  excision  of  left 
lobe  and  isthmus. 

Pathology. — Macroscopic  Examination:  Specimen  consists  of  what  is 
apparently  the  left  lobe  and  a  portion  of  the  isthmus  of  the  thyroid 
gland,  which  have  been  removed  in  one  piece.  The  outer  surface  has  a 
pinkish-yellow  mottled  appearance.  It  is  covered  by  a  rather  delicate 
fibrous  capsule,  which  has  been  torn  in  places  and  adheres  by  firm  hair- 
like adhesions.  The  surface  has  a  distinct  lobulated  appearance,  the 
lobules  varying  in  size  from  0.5  to  2  cm.  Several  minute  cysts  i  to  2 
mm.  in  diameter  are  seen  upon  the  surface.  The  tissue  has  a  rather  firm 
feel,  and  is  very  nodular.  Section  has  been  made  through  one  area  where 
near  the  surface  a  cyst  has  been  opened.  This  cyst  is  1.5  cm.  in  diameter 
and  contains  some  thick,  viscid,  translucent  material.  On  section  the 
cut  surface  presents  a  reddish-yellow  mottled  appearance.  Lobulations 
are  definitely  seen.    These  vary  in  size  from  i  mm.  to  i  cm.  and  are  ot 
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Fig.  3. — Microscopic  drawinj?  of  an  exophthalmic  hypertrophy  (exophthalmic  goitre) , 
4  oc,  3  obj.,  Leitz. 

In  this  drawing  the  hypertrophy  is  indicated  by  the  proliferation  of  the  epithelial  cells 
lining  the  vesicles  and  the  papillary  projections  into  their  lumen.  In  places  some  of  the 
vesicles  have  been  compressed  by  the  hypertrophy  of  the  surrounding  epithelium. 


Fio.  4. — Microscopic  drawing  of  a  section  of   thyroid  which  presents  in  other  areas  a 
definite  picture  of  exophthalmic  h>'pertrophy^  4  oc,  3  obj.,  Leitz. 
(See  microscopic  description.) 
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widely  different  shape.  The  coimecdve-tissae  surroundtng  the  lobttler 
can  be  seen  as  distinct  white  bands.  It  seems  more  abundant  near  the 
center  and  in  the  posterior  part  Within  the  lobules  can  be  seen  minute 
translucent  areas,  which  presumably  are  thyroid  vesicles  filled  with 
colloid.  The  entire  lobe  as  far  as  determined  by  section  has  this  appear- 
ance. In  the  isthmus  are  areas  of  a  more  distinct  red  appearance.  The 
lobules  are  firm  and  definite  translucent  areas  cannot  be  seen.  The 
appearance  here  approaches  more  nearly  that  of  normal  thyroid  tissue- 
Microscopic  Examination, — ^A  series  of  sections  show  two  definite 
processes.  There  is  seen  to  be  in  the  majority  of  the  sections  a  marked 
increase  in  the  size  of  the  alveoli  and  in  the  amount  of  colloid  present.  In 
certain  lobules  this  is  much  more  pronounced,  and  suggests  a  simple 
hypertrc^hy,  differing  perhaps  only  in  tlie  tendency  of  the  cells  to  assume 
a  higher  type  in  many  of  these  large  colloid  alveoli.  In  other  areas  there 
is  cellular  proliferation  with  diminution  or  disappearance  of  the  colloid 
material.  The  increase  in  the  number  of  epithelial  cells  is  very  great 
while  their  approach  to  the  columnar  type  is  not  so  marked.  An  alveolar 
arrangement  is  frequently  difficult  to  make  out  Section  through  the 
wall  of  the  small  cyst,  noted  above,  shows  it  to  be  in  the  center  of  a 
minute  encapsulated  adenoma.  The  connective  tissue  of  the  gland  is 
moderately  increased  in  amount  and  there  is  considerable  lymphocytic 
infiltration  in  areas. 

It  seems,  then,  that  we  may  recognize  two  forms  of  exoph- 
thalmic hyperthrophy ;  in  the  one  form  the  disease  begins  in  an 
apparently  normal  gland  and  the  process  is  symmetrical,  so  that 
histologically  we  find  everywhere  the  type  of  lesion  so  well  illus- 
trated in  Fig.  3.  Qinically  in  this  form  we  recognize  as  a  rule 
a  very  symmetrical  enlargement  of  the  gland,  though  one  which 
never  attains  great  size.  The  disease  is  of  comparatively  short 
duration,  patients  dying  as  a  rule  in  from  one  to  three  years  if 
untreated.  The  well  known  symptom-complex  of  the  disease, — 
enlargement  of  the  gland  with  exophthalmus,  tachycardia  and 
tremor, — is  invariably  present.  In  the  other  form  the  exoph- 
thalmic process  is  secondary  or  associated  with  some  other  type 
of  thyroid  affection.  In  three,  or  one-half,  the  cases  in  this  series 
an  associated  simple  colloid  hypertrophy  was  found.  The  cases 
in  this  series  illustrating  this  type  are  Nos.  4,  5  and  6. 

This  form  is  characterized  clinically  by  a  longer  duration,  by 
a  greater  increase  in  the  size  of  the  gland,  and  by  lesser  severity 
of  the  symptoms.  These  cases,  however,  all  had  exophthalmus^ 
tachycardia  and  nervousness  of  greater  or  lesser  severity.  In 
Case  V,  while  the  enlargement  of  the  gland  was  of  15  years'  du- 
ration, the  symptoms  of  exophthalmic  goitre  had  developed  more 
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recently.  In  the  otber  two  cases  these  symptoms  were  present 
from  the  onset 

The  histologic  picture  also  differs.  Instead  of  a  uniform  proc- 
ess, as  in  the  former  group,  we  see  the  exophlliahnic  hypertro- 
phy only  in  foci  or  in  various  lobules  scattered  throughout  the 
gland.  In  the  cases  where  this  hypertrofriiy  is  observed  it  is  of 
a  lesser  degree.  Other  investigators  have  also  recently  called 
attention  to  the  fact  that  exophthalmic  hypertrophy  is  frequently 
associated  with  various  pathologic  conditions  of  the  thyroid,  as 
cysts,  adenomata  and  carcinomata,  and  that  these  may  be  the 
unproduced  atypical  exophthalmic  goitre  symptoms.  Usually 
there  is  present  the  nervousness,  tachycardia  and  tremor  of  vary- 
ing degree  while  the  symptoms  of  exophtfialmus  may  be  wanting. 

In  typical  cases  of  exophthalmic  goitre,  which  present  the  well- 
known  symptom-complex,  all  writers  agree  that  the  histologic 
changes  found  in  the  gland  are  definite  and  constant.  They  have 
been  characterized  as  a  true  hypertrophy.  They  very  closely  re- 
semble the  compensatory  h)rpertrophy  which  is  seen  in  the  re- 
maining portion  of  the  thyroid  gland  after  its  partial  excision, 
and  which  in  this  manner  has  been  so  frequently  produced  ex- 
perimentally in  dogs.  Briefly  the  changes  are  (i)  a  change  of 
the  epithelium  from  a  low  or  cuboidal  type  to  a  high  cylindrical 
form,  (2)  a  gradual  disappearance  of  the  colloid  material  which 
seems  to  be  one  of  the  earliest  evidences  of  beginning  hyper- 
trophy, (3)  alteration  in  the  size  and  form  of  the  alveoli  due  to 
the  hyperplasia  and  infolding  of  the  epithelium,  (4)  increase  in 
the  vascular  supply  and  in  the  connective  tissue  stroma. 

As  we  have  noted,  however,  in  cases  in  which  symptoms  are 
atypical  no  such  definite  changes  are  observed.  We  may  see 
only  in  foci  evidences  of  this  process.  It  may  amount  simply  to 
a  change  in  the  size  and  form  of  the  cell,  and  perhaps  instead  of 
a  single  layer  of  epithelitmi  lining  the  alveolus  there  may  be  two 
or  more.  There  may  be  said  to  be,  however,  in  all  cases  evidence 
of  proliferation  of  cells  with  increased  activity.  Whether  or  not 
we  shall  be  eventually  forced  to  the  conclusion  that  all  the  various 
affections  of  the  thyroid  gland  characterized  by  cellular  prolifera- 
tion give  rise  to  the  symptoms,  more  or  less  complete,  of  Graves' 
disease  is  a  matter  which  requires  further  study. 

As  to  the  pathogenesis  of  this  affection  nothing  can  be  said  to 
have  been  as  yet  definitely  established.  The  main  dispute  is  still 
whether  the  disease  is  of  nervous  origin  or  has  its  basis  in  an 
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abnormal  condition  of  the  gland  itself.  The  majority  accept  the 
latter  view,  and  hold  that  the  disease  is  a  manifestation  of  an 
excessive  or  perverted  secretion  of  the  thyroid  epithelium.  This 
seems  the  most  rational  supposition  and  it  is  borne  out  by  certain 
facts, — ^viz.,  the  similarity  in  the  histology  of  the  compensatory 
hypertrophy  and  the  exophthalmic  variety;  the  relationship  be- 
tween the  advancement  of  the  hypertrophy  and  the  duration  and 
severity  of  the  clinical  S3anptoms ;  and  the  beneficial  effects  that 
are  produced  by  removal  of  a  portion  of  the  hypertrophied  gland. 
What  relation  if  any  the  parathyroids  have  to  exophthalmic  goitre 
has  not  been  determined.  In  none  of  these  cases  were  these 
bodies  examined.  The  changes  that  have  been  described  are  not 
at  all  constant. 

In  regard  to  the  age  of  onset,  the  cases  of  this  series  correspond 
closely  with  those  of  other  observers.  By  far  the  greatest  num- 
ber appear  between  the  ages  of  20  and  30,  five  out  of  six  cases 
are  recorded  above.  In  one  case,*  however,  the  age  of  onset  was 
stated  as  44.  An  onset  before  puberty  or  after  40  is  rare.  The 
disease  is  much  more  common  in  females  than  males,  the  propor- 
tion as  variously  stated  ranging  from  3  to  i  to  17  to  i. 

VII. — Chronic  Thyroiditis.    One  Case. 

Case  XXL— (Autopsy  No.  0-283.)  Autopsy,  April  i8^  1900,  by  Dr. 
Blumer.    Female,  aged  40.    No  clinical  history. 

Anatomicai  Diagnosis. — Sclerodema  with  pigmentation  of  the  skin 
affecting  the  face,  posterior  part  of  the  trunk  and  extremities.  Acute  sero- 
fibrinous pericarditis,  with  acute  myocarditis  and  diffuse  interstitial  myo- 
carditis. Double  hydrothorax  with  acute  fibrinous  pleurisy  on  the  left  side. 
Acute  bronchitis  with  emphysema  of  the  lungs  and  atelectasis  of  the  lower 
lobes.  Chronic  passive  congestion  of  the  liver.  Acute  infectious  nephritis. 
Chronic  interstitial  thyroiditis.  Chronic  interstitial  mastitis.  Tubercu- 
losis of  a  bronchial  lymph-gland.  Small  ulcers  over  the  internal  condyles 
of  the  humeri. 

Pathology. — Macroscopic  Examination:  The  thyroid  gland  is  small* 
firmer  and  somewhat  grayer  in  color  than  normal.  It  contains  apparently 
an  increased  amount  of  connective  tissue. 

Microscopic  Examination. — Marked  changes  in  the  gland  are  seen. 
These  take  the  form  of  a  great  increase  in  the  interstitial  tissue  of  the 
organ,  producing  compression  and  atrophy  of  the  glandular  substance. 
The  new-formed  connective  tissue  is  mostly  in  the  form  of  a  dense,  fully- 
formed  fibrous  tissue,  but  there  are  areas  in  which  the  thyroid  tissue  is 
infiltrated  with  small,  round,  lymphoid  cells,  apparently  representing  a 
recent  infiltration.  There  is  an  increase  in  the  elastic  tissue.  The  gland 
substance  shows  var3ring  degrees  of  compression.  In  some  places  it  has 
almost  entirely  disappeared  over  quite  wide  areas;  in  other  places  it  is 
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apfMrently  but  little  affected.    There  is  an  abundance  of  colloid  material 
in  the  slightly  affected  areas. 
Microscopic  Diagnosis.-'ChTQaic  interstitial  thyroiditis. 

This  case  is  not  introduced  into  this  series  to  raise  the  question 
of  the  relation  of  the  thyroid  to  the  condition  of  scleroderma,  but 
as  a  typical  illustration  of  the  pathologic  changes  produced  in 
the  gland  by  a  chronic  inflammatory  process.  Acute  inflamma- 
tion of  the  thyroid  gland  frequently  occurs  following  acute  gen- 
eral infections,  as  typhoid  and  the  exanthemata.  The  chroniCi. 
form  is  very  often  associated  with  other  thyroid  affections,  the 
hypertrophies,  cysts  and  tumors,  and  they  present  in  varying  de- 
grees the  condition  here  described* 

VIII.— Tuberculosis.    Two  Cases.    One 
Male,  One  Female. 

Dormtkm. 
2  years. 
8  years. 

In  the  first  case  the  previous  healtfi  of  the  patient  was  said  to 
have  been  good,  but  death  from  pulmonary  tuberculosis  occurred 
six  years  after  the  operation.  In  the  second  case  the  history  at 
about  the  time  of  the  onset  of  the  thyroid  involvement  suggested 
pulmonary  tuberculosis.  The  patient  now  (two  years  after  ope- 
ration) is  in  good  health  and  presents  no  evidences  of  active 
tuberculous  disease  in  any  organ. 

Case  XXIL— (Path.  No.  64-A)  This  case  I  am  able  to  report  ai^ 
tuberculosis  of  the  thyroid  only  upon  clinical  evidence,  as  although  the 
Bfiicroscopic  sections  show  tuberculosis  granulation  tissue  no  thyroid 
structure  can  be  made  out.  The  patient  was  a  male,  aged  42.  The  dis- 
ease began  two  years  before  with  a  small  *'Iump"  in  the  region  of  the 
thyroid  gland  which  gradually  increased  to  the  size  of  a  walnut,  sup- 
purated and  discharged  spontaneously,  leaving  two  small  sinuses  which 
have  persisted  for  a  year.  At  the  operation  by  Dr.  Macdonald  the  sinus^ 
tracts  were  found  to  lead  down  to  the  thyroid  gland  and  they  were  excised 
together  with  the  gland  in  one  mass.  Qinically,  as  recently  related  to 
me  by  the  operator,  the  process  had  its  origin  in  the  thyroid  gland. 

Pathology, — Macroscopic  Examination:  The  specimen  consists  of  a 
piece  of  tissue  about  one-half  the  size  of  a  hen's  egg.  It  contains  some 
tissue  which  is  presumably  thyroid  gland,  and  leading  into  it  from  the 
surface  of  the  specimen  are  two  sinus  tracts,  the  walls  of  which  are 
extremely  ragged  and  lined  with  yellowish  purulent  material  Bac- 
ieriologic  examination  fails  to  show  tnberde  bacilli. 

Microscopic  Examinaiion.—Ho  thyroid  tissue  is  to  be  seen.    The  sec- 
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Fio.  s. — Microscopic  drawing  of  tuberculosis  of  the  thyroid  gland.  4  oc,  3  obj.,  Leitz. 

(a)  Tubercles,  in  the  lower  one  of  which  is  seen  a  giant  cell.  In  the  centre  of  the  draw- 
ing, between  the  tubercles,  is  an  area  of  lymphocytic  infiltration,  (b)  Normal  thyroid 
tissue. 
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tion  consists  of  connective  tissue  and  of  large  areas  of  caseation.  Sur- 
rounding these  areas  of  caseation  is  typical  tuberculous  granulation-tissue^ 
made  up  of  epithelioid  and  lymphoid  cells,  and  containing  an  occasional 
.giant  cell. 

Case  XXIII.— (Path.  No.  64-21.  History  taken  and  physical  examina- 
tion made  December,  1905,  two  years  after  operation.)  Female,  aged  4$. 
When  14  years  of  age  parents  thought  she  had  consumption;  but,  if  so, 
she  recovered  completely.  She  married  at  21  and  now  has  7  children, 
all  in  good  health.  At  birth  of  last  child,  11  years  ago,  she  had  puerperal 
lever  and  was  seven  months  in  bed.  After  this  had  a  severe  cough, 
night  sweats  and  considerable  expectoration.  During  this  illness  her 
physician  first  noticed  a  small  tumor  in  the  median  line  of  the  neck  ia 
the  region  of  the  thyroid  gland  which  gradually  increased  till  two  years  ago, 
Vhen  it  reached  the  size  of  a  hen's  egg.  It  was  tender  on  pressure  and 
sometims  pamful  and  caused  some  dyspnoea  during  the  last  year  before 
operation.  It  never  showed  redness  or  signs  of  inflammation.  The 
patient  entered  hospital  at  this  time  for  an  operation  for  uterine  myomata 
and  she  was  persuaded  by  the  surgeon  to  allow  removal  of  this  enlarged 
portion  of  thyroid. 

Operation,  November  5,  1903,  by  Dr.  A.  Vander  Veer. 

Pathology. — Macroscopic  Examination :  Specimen  consists  of  an  irregu- 
lar mass  of  reddish  brown  tissue  6x4x2.5  cm.,  in  which  lies  a  sausage-like 
mass.  This  latter  on  section  is  found  to  be  of  a  uniform  consistency 
and  of  moderate  firmness.  G)lor  is  slate  brown  and  deviating  striae  give 
to  the  cut  surface  a  lobulated  appearance. 

Microscopic  ExamtHaiion. — CSee  Fig.  5.)  The  thyroid  tissue  shows 
marked  proliferation  of  alveoli,  the  majority  of  which  are  massed  together, 
making  the  outlines  of  individual  alveoli  indistinct,  while  others  contain 
a  moderate  amount  of  colloid  material  In  many  of  the  lobules  are  dr- 
cumscribed  masses  of  epithelioid  cells  with  occasional  giant  cells  and  a 
peripheral  ring  of  lymphocytic  infiltration.  But  a  few  of  the  tubercles 
show  early  caseation. 

Microscopic  Diagnosis. — ^Tuberculosis  of  the  thyroid  gland. 

The  patient  was  seen  in  December,  1905,  2  years  after  operation  and 
this  note  on  her  present  condition  was  made :  "  Patient  is  fairly  well 
nourished,  but  slightly  anaemic  There  is  a  linear  scar  in  the  median 
line  of  neck  7.5  cm.  in  length,  extending  from  a  little  beneath  the  chin 
to  the  epistemal  notch.  Aside  from  a  little  thickening  and  redness  at 
its  lower  end  the  scar  appears  healthy.  There  is  no  apparent  enlargement 
of  any  portion  of  the  thyroid  gland.  Patient  has  no  cough  and  states  that 
she  is  in  good  health  and  able  to  pursue  her  work.  Examination  of  the 
lungs  reveals  no  evidence  of  disease,  though  the  breath  sounds  at  both 
apices  and  considerably  subdued.  There  is  no  glandular  enlargement 
anywhere.'* 

While  it  is  true  that  tuberculosis  of  the  th3rroid  gland  is  a  rare 
-disease,  from  recent  studies  it  has  been  demonstrated  that  it  is 
not  so  rare  as  was  formerly  supposed.    Thus  P.  Bruns*  in  his 
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report  of  loo  postmortem  examinatioiis  made  by  Qiiari  of  per- 
sons who  had  suffered  from  tuberculosis,  states  that  the  thyroid 
gland  was  involved  in  seven.  Of  these  cases  96  had  suffered 
from  chronic  pulmonary  tuberculosis,  and  in  only  four  of  these 
was  the  thyroid  gland  involved;  the  other  iour  were  cases  of 
acute  miliary  tuberculosis,  and  in  three  of  these  the  gland  showed 
involvement.  Weigert  in  fifty  cases  of  chronic  pulmonary  tuber- 
culosis found  tuberculosis  of  the  thyroid  in  six.  Two  forms  of 
involvement  are  recognized ;  a  miliary  form  secondary  to  a  gen- 
eral miliary  tuberculosis,  and  a  nodular  form  affecting  the  gland 
diffusely.  The  former  is  the  more  common.  It  does  not  pro- 
duce any  enlargement  of  the  organ  as  a  rule.  Of  the  nodular 
form  Bruns  was  able  to  collect  six  cases  besides  his  own;  in 
three  of  these  from  a  clinical  point  of  view  the  thyroid  lesions 
were  primary.  This  form  is  attended  by  enlargement  of  the 
organ  sometimes  sufficient  to  produce  pressure  s3rmptom8.  As 
illustrated  in  Fig.  V,  these  tubercules  have  the  ordinary  char- 
acteristics of  tubercles  in  other  organs.  They  probably  always 
arise  in  the  interstitial  connective  tissue  separating  the  vesicles. 

In  the  first  case  here  recorded  the  data  is  so  incomplete  that 
no  definite  conclusions  can  be  drawn.  The  clinical  history  states 
that  the  patient's  previous  health  had  been  excellent,  but  there  is 
no  record  of  a  physcal  examination  to  exclude  a  possible  pul- 
monary involvement.  Then  the  fact  that  he  is  said  to  have  died 
four  years  later  of  pulmonary  tuberculosis  leaves  us  in  doubt  as  to 
whether  the  disease  was  primary  in  the  thyroid  with  secondary 
involvement  of  the  lungs  or  vice  versa, 

W.  B.  Stanton^  has  recently  made  the  important  observation 
that  in  a  comparatvely  large  number  of  cases  of  pulmonary  tuber- 
culosis there  w^re  symptoms  more  or  less  complete  of  exoph- 
thalmic goitre  and  in  these  cases  he  has  been  led  to  examine  the 
thyroid  glands.  The  report  is  only  a  preliminary  one  and  no  cases 
in  which  he  has  observed  these  symptoms  have  died.  He  could 
not  therefore  give  the  results  of  histologic  examination.  Qinically 
there  was  slight  thyroid  enlargement.  He  records  26  cases  of 
pulmonary  tuberculosis  aside  from  the  above  in  which  the  thy- 
roids were  examined  postmortem,  but  in  which  the  patients  were 
not  examined  clinically  for  those  signs.  In  these,  tubercles  were 
found  in  four.  As  serial  sections  were  not  made  he  thinks  it 
probable  that  the  proportion  found  to  contain  tubercles  is  much 

lAmeficftD  Mcdldae,  190s.  x,  605. 
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too  small.    Further  investigation  of  this  point  might  yield  infor- 
maton  of  great  value. 

IX. — Carcinoma.    One  Case. 

Case  XXIV.— (Path.  No.  9&-43.)  Female,  aged  36,  with  history  of 
illness  for  last  three  years.  Prominent  symptoms  are  enlargement  of 
thyroid  gland,  with  pain  and  ansemia.  The  patient  was  operated  upon 
two  years  ago  for  thyroid  enlargement,  but  no  pathologic  study  of  this 
H^edmen  was  made. 

Second  operation  by  Dr.  A.  Vander  Veer,  February  18,  1899. 

Pathology, — Macroscopic  Examination :  Specimen  consists  of  six  masses 
of  tissue,  all  roughly  lobulated  and  varying  in  size  from  6  to  3  cm.  in 
greatest  diameter.  They  all  present  similar  appearances  and  are  not 
distinctly  encapsulated,  though  portions  of  capsule  are  here  and  there 
evident  Where  a  capsule  is  present  it  is  generally  smooth  and  of  a 
yellowish-red  color.  The  portions  of  the  growth  which  are  uncovered 
by  capsule  are  finely  lobulated,  of  a  light  yellowish-brown  color,  and  have 
a  translucent  aw^rance.  This  appearance  suggests,  in  some  places,  the 
appearance  of  thyroid-gland  tissue;  in  other  places  it  has  a  myxomatous 
character.  On  section  the  nodules  differ  in  appearance;  the  smaller 
and  presumably  the  younger  ones  have  an  almost  homogeneous  yellow- 
ish-gray cut  surface,  which  is  covered  by  sticky  mucilaginous  fluid  which 
has  the  glistening  appearance  of  mucoid  tissue.  In  one  or  two  of  the 
smaller  masses  are  areas  of  haemorrhage.  In  one  rather  large  area  of 
light  reddish-brown  tissue  which  does  not  look  like  haemorrhage,  there 
is  an  area  homogeneous  in  character  and  slightly  granular.  In  two  of  the 
largest  nodules  near  the  center  are  areas  of  necrosis  and  calcification. 

Microscopic  Examination, — Sections  from  two  different  portions  show 
an  adenomatous  tissue  divided  into  irregular  lobules  by  rather  dense 
fibrous  connective-tissue  septa,  which  extend  inward  from  a  capsule  which 
is  present  at  one  side.  Except  in  a  few  small  lobules  near  the  periphery^ 
where  characteristic  colloid-containing  vesicles  are  seen,  the  tissue  could 
not  be  recognized  as  thyroid-gland  tissue.  It  is  composed  of  papilloma- 
tous-like  projections  and  long  epithelial  tubules  with  cavities  of  thjrroid- 
l^d  spaces.  This  arrangement  becomes  complex  and  branching  as  the 
process  develops,  until  they  finally  fill  up  the  cavities,  producing  a  gland- 
like appearance.  The  epithelium  rests  upon  no  visible  basement-mem- 
brane; the  stroma  is  very  scanty.  In  the  connective-tissue  septa  are 
many  solid  epithelial  clumps  whidi  probably  represent  new  foci  of  growth. 

A  section  from  the  homogeneous  mass  differs  only  in  that  no  con^ 
nective-tissue  sq>ta  are  seen,  and  the  spaces  are  more  closely  packed  with 
epithelial  cells.  This  section  also  shows  acute  inflammation.  The  epithe- 
lial cell  is  of  a  high  cylindrical  type,  varying  greatly  In  size  and  shape. 

Microscopic  Diagnosis. — Adeno-carcinoma  of  thyroid  gland. 

From  one  observation  of  carcinoma  of  the  thyroid  no  impor- 
tant deductions  can  be  made  except  to  call  attention  to  its  relative 
infrequency.    One  case  in  6i  thyroid  affections,  as  indicated  by 
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this  series  is»  however,  undoubtedly  too  low  a  proportion  and  not 
borne  out  by  the  statistics  from  other  sources.  Bloodgood^  in 
exactly  twice  the  number  of  cases  records  seven  of  carcinoma. 
The  most  elaborate  study  of  this  condition  that  has  appeared  is 
by  £hrhardt»*  who  has  collected  150  cases  of  carcinoma.  Sixty- 
five  of  these  occurred  in  men  and  eighty-five  in  women;  iii 
appeared  between  the  ages  of  thirty  and  sixty.  In  over  50  per 
cent,  of  these  cases  it  was  definitely  stated  that  a  simple  goitre 
preceded  the  development  of  the  carcinoma^  and  in  only  a  com- 
paratively small  number  that  it  arose  in  a  normal  thyroid.  This 
is  the  reverse  of  the  condition  seen  in  this  country,  probably  due 
to  the  fact  that  we  have  no  "  goitrous  districts/'  Ehrhardt  recog- 
nizes three  main  varieties, — the  medullary,  which  is  the  most  fre- 
quent, the  adeno-carcinpma,  and  the  scirrhus.  The  latter  is,  in 
his  experience,  rare.  Metastases  occur  early  as  a  rule.  In  nine- 
ty-four bodies  examined  metastases  were  found  in  all  but  four- 
teen. In  forty-six  cases  twenty-three  had  metastasized  by  the 
bloodstream  alone,  nine  by  the  lymphatics  alone,  and  fourteen  by 
iKDth  these  channels.  As  to  the  location  of  metastases,  the  lungs 
and  bones  are  the  most  frequent  seats.  The  bones  of  the  skull 
and  inferior  maxilla  are  most  commonly  involved,  though  the 
sternum  and  long-pipe  bones  do  not  escape. 

The  average  duration  is  about  two  years,  the  scirrhus  form 
being  the  most  chronic. 

Clinical  Diagnosis  of  Thyroid  Affections. — ^When  we  bear  in 
mind  that  the  symmetrical  enlargement  of  the  thyroid  gland  indi- 
cates a  hypertrophy,  and  the  asymmetrical  a  tumor  or  a  cyst,  we 
have  gone  a  great  way  towards  making  a  diagnosis.  To  char- 
acterize all  of  the  enlargements  of  the  thyroid  as  "goitre"  is 
obviously  improper,  as  it  conveys  no  intelligent  clinical  or  path- 
ologic meaning.  If  this  term  is  used,  it  should  apply  to  the 
hypertrophies,  and  we  can  then  properly  speak  of  the  simple 
goitre  and  the  exophthalmic  goitre.  To  differentiate  these  latter 
<:onditions  clinically  is  not  difficult,  for  in  exophthalmic  goitre  the 
subjective  symptoms  are  definite  and  constant.  In  the  simple 
form  the  rule  is  a  much  greater  increase  in  the  size  of  the  gland 
but  no  symptoms  except  those  produced  locally  by  pressure.  The 
age  of  onset  and  the  duration  of  the  disease  are  also  important 
aids  in  diagnosis,  as  has  been  shown  in  the  preceding  tables.    In 

^Su^€ry,Gym€oloty  and  OhsUtrics,  ioos«  if  113. 
^BnMigt  Mir  kUn,  CMr„  1909,  xxxv  343. 
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the  simple  hypertrophy  the  age  of  onset  in  a  large  proportion  of 
cases  is  before  twenty.  In  an  accurately  recorded  history  I  be- 
lieve it  would  be  exceptional  to  establish  an  onset  after  twenty- 
five.  In  the  exophthalmic  variety  an  onset  before  twenty  is  ex- 
tremely rare;  the  majority  of  cases  appear  between  the  ages  of 
twenty  and  thirty.  The  duration  of  the  disease  in  the  simple 
form  is  much  longer,  often  twenty  or  thirty  years,  while  that  of 
the  exophthalmic  hypertrophy  is  usually  less  than  two  years. 
Where  these  two  conditions  are  associated,  or  where  the  exoph- 
thalmic hypertrophy  appears  secondary  to  other  thyroid  affec- 
tions, greater  variation  in  these  respects  is  seen.  We  must  bear 
in  mind  that  in  either  form  of  hypertrophy  the  process  in  one  lobe 
may  have  advanced  further  than  in  the  other,  producing  an  asym- 
metrical enlargement,  but  on  the  other  hand  no  part  of  the  gland 
appears  normal.  In  other  words  the  process  is  a  diflfuse  but  not 
always  an  uniform  one.  Again,  we  have  seen  in  certain  cases  a 
fairly  symmetrical  enlargement  produced  by  an  adenoma  or  cyst 
in  either  lateral  lobe.  These  multiple  tumors  are  comparatively 
rare,  however,  and  on  close  examination  present  distinctive  fea- 
tures. Of  the  tumors,  the  cysts  and  the  adenomata  are  the  most 
frequent,  and  they  are  often  very  difficult  to  differentiate.  They 
both  present  the  features  of  encapsulated  tumors.  The  cysts  are 
more  apt  to  be  smooth  and  ovoid  in  shape,  while  definite  lobula- 
tions can  often  be  made  out  in  the  adenomata.  Variation  in  the 
size  of  the  tumor  seems  to  be  frequent  in  the  case  of  cysts.  In 
regard  to  the  recurrent  adenomata,  two  of  our  observations  at 
least  would  point  to  their  being  of  a  mild  type  of  malignancy. 
Considering  the  long  duration,  however,  and  the  fact  that  no 
metastases  occurred,  they  do  not  present  the  features  of  car- 
cinoma of  the  thyroid.  In  one  case  a  secondary  growth  appeared 
in  the  region  of  the  primary  one. 

From  the  fact  that  metastases  of  the  thyroid  tissue  occurs  in 
cases  in  which  no  primary  tumors  of  the  gland  has  been  noted, 
bone  tumors  looked  upon  as  primary  should  be  approached  with 
this  possibility  in  mind. 

Early  diagnosis  of  the  carcinomata  presents  the  greatest  diffi- 
culties and  obviously  is  of  the  greatest  importance.  Age  here  is 
to  be  considered  as  indicated  by  the  statistics  of  Ehrhardt.  The 
disease  is  usually  of  short  duration,  a  few  months  to  one  or  two 
years.  As  met  with  in  this  country,  carcinoma  of  the  thyroid 
does  not  produce  a  large  tumor,  but  it  rapidly  infiltrates  the  gland 
11 
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and  surrounding  tissue  and  dysfHioea  and  dysphagia  arc  early 
symptoms  and  out  of  proportion  to  the  size  of  the  growth. 
Change  in  the  voice  is  also  an  early  observation  (Bloodgood). 
In  districts  where  simple  hypertrophy  is  endemic  a  very  large 
proportion  of  the  cases  of  carcinoma,  as  recorded  by  Ehrhardt, 
are  secondary  to  this  condition.  Here  the  important  feature  is  a 
sudden  increase  in  size  in  the  hypertrof^ied  organ,  with  the  re- 
turn of  symptoms  after  a  quiescence  of  perhaps  many  years. 
Primary  sarccnna  of  the  thyroid  is  a  rare  affection  and  as  no 
cases  were  observed  in  our  series  the  condition  will  not  be  dis- 
cussed.* 

Treatment. — ^As  the  symptoms  in  the  uncomplicated  cases  of 
simple  hypertrophy  and  benign  tumors  are  of  a  mechanical  na- 
ture, the  severity  of  these  symptoms  has  been  our  guide  in  treat- 
ment. Rarely  is  operation  undertaken  for  the  relief  of  the  de- 
formity alone.  I  believe,  however,  that  since  so  large  a  number 
of  these  cases  undergo  secondary  changes  in  later  life,  making 
operation  imperative,  that  they  should  be  considered  upon  the 
same  basis  as  similar  lesions  in  other  organs.  In  the  case  of  the 
tumors  and  cysts  an  early  operation  is  advocated.  With  the 
simple  hypertrophy,  if  the  patient  has  passed  young  adult  life, 
the  period  when  we  might  expect  a  subsidence  of  the  process, 
and  the  gland  continues  to  enlarge,  a  portion  of  it  should  be 
removed.  If  after  a  quiescent  period  new  growth  is  observed, 
operation  may  be  necessary  for  the  relief  of  urgent  pressure 
symptoms,  and  here,  too,  carcinoma  must  be  considered.  Scarcely 
fifty  years  have  passed  since  Dieffenbach  considered  thyroidec- 
tomy a  rash  undertaking.  To  Kocher  more  than  anyone  else  is 
due  the  credit  of  the  advances  in  this  field  of  surgery.  At  the 
German  Surgical  Congress,  in  1900,^  he  reported  the  results  of 
his  second  thousand  cases  of  thyroidectomy,  of  which  929  were 
upon  cases  of  simple  hypertrophy  and  benign  tumor.  He  had 
only  four  deaths,  giving  a  mortality  of  04  of  i  per  cent.  The 
greatest  single  factor  contributing  to  this  low  mortality-rate  was 
undoubtedly  the  substitution  of  local  for  general  anaesthesia. 

The  general  principles  which  guide  us  in  the  treatment  of  car- 
cinoma of  other  organs  should  apply  here,  remembering  that 
metastases  occur  early.    Operation  to  effect  a  cure  must  be  un- 

>For  report  of  caaes  and   atatiitks  tee  Lartigau   (Amfr.  Jour.   Hed.   Sciencts,    T901. 
cxxii.  156). 

^Arckw.  far  klm.  Ck4r.,  i qoo.  Ixsv,  454. 
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dertaken  before  there  is  extensive  invasion  of  the  surrounding 
tissues. 

In  the  treatment  of  exophthalmic  goitre  the  various  drugs  and 
methods  employed  are  almost  innumerable.  The  weight  of 
opinion  now  seems  to  favor  partial  thyroidectomy,  and  I  believe 
justly  so,  for  with  the  accumulating  statistics  the  percentage  of 
cures  is  increasing  and  the  niunber  of  primary  deaths  decreasing. 
No  other  form  of  treatment  has  offered  so  much  hope.  The 
observations  in  this  series  have  been  made  entirely  on  the  opera- 
tive treatment,  but  to  give  an  opportunity  for  comparison  I  may 
be  allowed  to  quote  from  a  review  of  the  literature  made  recently 
by  the  writer,^  in  which  the  results  of  some  of  the  other  more 
recent  methods  of  treatment  are  recorded.  In  late  years  at- 
tempts have  been  made  in  many  German  clinics  to  develop  a 
specific  treatment  of  exophthalmic  goitre.  Lanz,*  as  early  as 
1894,  began  the  use  of  the  milk  of  thyroidectomized  goats  in  pa- 
tients with  Graves's  disease.  He  has  recently  recorded  favorable 
results  in  five  cases.  Burghart  and  Blumenthal*  in  Leyden's 
clinic  have  injected  the  blood-serum  of  amyxo-oedematous  pa- 
tients into  those  suffering  from  exophthalmic  goitre.  Leyden 
reviews  their  results  and  thinks  they  are  encouraging.  Later,  in 
this  clinic,  was  introduced  the  use  of  a  precipitate  from  the  milk 
of  thyroidectomized  goats,  called  "  rodagin."  A  few  cases  are 
recorded  of  slight  improvement  after  continued  use  of  this  sub- 
stance. Kollaritis  reports  no  improvement  in  three  cases  in 
which  he  employed  this  method. 

Moebius  and  Schultes*  have  used  the  serum  of  thyroidectom- 
ized sheep.  This  serum  is  called  antithyroidin,  Moebius  reports 
three  cases  somewhat  improved  by  this  treatment  and  later  two 
other  cases  which  were  benefited.  Schultes  and  Rosenfield  have 
likewise  each  reported  a  case.  In  a  recent  communication 
Moebius'  speaks  rather  guardedly  of  the  employment  of  this 
serum.  Kuh,*  after  treating  eleven  cases  with  the  senmi,  is  un- 
willing to  make  any  statement  as  to  its  curative  effect.  He  thinks 
it  relieved  nervousness  and  diminished  tachycardia. 

In  regard  to  the  operative  treatment,  in. four  of  our  six  cases 

*  Albany  Med.  Annals,  1906,  xxvii,  11 1. 
^MUnch.  med.  Woeh^nschr.,  1903. 1.  146. 
*Dtutsch4  nud.  Wockenschr.,  1899,  xxv,  627. 
^Ai-Anch.  mcd,  Wochensckr.,  1901.  xviii,  1873. 
*AHinch.  mtd.  Woclunschr.,  1903. 1.  146. 
^Medicine,  1905.  xi  672. 
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the  partial  excision  of  the  thyroid  gland  has  been  attended  with 
excellent  results.  In  two  of  these  all  the  symptoms  have  been 
relieved ;  in  one  the  operation  was  of  too  recent  date  to  determine 
the  ultimate  result,  but  the  s3rmptoms  one  month  after  operation 
improved  in  all  respects;  in  the  other  all  the  symptoms  except 
exophthalmus  had  disappeared,  and  the  patient  is  able  to  pursue 
her  work.  The  time  now  intervening  since  operation  varies  from 
one  month  to  four  years,  as  shown  in  the  table.  Of  the  two 
deaths  one  could  be  ascribed  to  the  anaesthetic,  and  the  other,  in 
which  death  took  place  on  the  eighth  day  with  the  symptoms  of 
extreme  hyperthyroidization,  as  a  late  case  probably  beyond  pos- 
sible recovery.  It  should  be  borne  in  mind  that  the  operative 
treatment,  to  be  of  the  most  value,  should  be  undertaken  early, 
before  damage  has  been  done  to  the  nervous  system.  In  this 
condition  even  more  than  in  other  forms  of  thyroid  affections,  the 
importance  of  local  anaesthesia  cannot  be  too  highly  estimated. 
As  further  proof  of  the  superiority  of  the  operative  treatment, 
the  statistics  of  a  ntmiber  of  observers  are  quoted.  The  best 
results  of  partial  thyroidectomy  yet  published  are  those  of 
Kocher — 59  cases:  75  per  cent,  cured;  17  per  cent,  improved; 
6.7  per  cent.  dead. 

At  the  last  German  Surgical  Congress,  April,  1905,  Friedheim 
from  the  clinic  of  Kiimmel  reported  the  results  of  twenty  cases 
of  partial  thyroidectomy  after  five  or  more  years  had  elapsed. 
Fourteen  were  cured,  two  much  improved,  three  slightly  im- 
proved, and  one  had  died.  In  seven  of  the  cured  cases  the 
operation  had  been  performed  nine  or  more  years  previous;  in 
one,  fifteen  and  a  half  years.  He  further  presents  the  statistics 
of  the  other  large  German  clinics  for  the  last  years  as  follows : 

Cases.       Cured.       Improved.       Dead. 

Von  Mikulicz  r8  10  7  i 

Kronlein 24  16  6  a 

Kocher 59  45  10  4 

Konig    8  4  I 

Summary. 

In  the  study  of  this  series  of  cases  especial  emphasis  is  directed 
to  the  following  points : 

I.  Simple  colloid  hypertrophy  is  the  most  commcm  affection 
of  the  thyroid  gland.  In  a  large  percentage  of  cases  this  hyper- 
trophy  is  temporary,   representing,   apparently,  a  physiological 
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process,  taking  place  in  early  adult  life,  and  later  there  is  a 
return  of  the  gland  to  its  normal  condition.  This  early  hyper- 
trophy may  be  permanent,  and  in  addition  there  may  be  a  return 
of  the  secretory  activity  of  the  cells  together  with  the  formation 
of  new  thyroid  tissue.  This  latter  process  often  simulates  clini- 
cally a  malignant  transformation. 

II.  Adenoma  of  the  thyroid  is  by  no  means  a  rare  affection. 
Its  differentiation  from  simple  colloid  hypertrojrfiy  is  readily 
made,  both  from  a  clinical  point  of  view  and  from  a  macroscopic 
examination  of  the  specimen.  While  the  histologic  structure  of 
the  two  lesions  are  similar,  careful  examination  reveals  determin- 
ing points  of  difference.  The  various  types  of  adenomata,  differ 
only  from  a  histologic  standpoint;  this  difference  being  due  en- 
tirely to  the  secretory  activity  of  the  cells  of  the  individual 
vesicles.  The  ademonata  may  occur  singly  or  as  multiple  tumors 
of  one  or  both  lobes.  Recurrence  after  removal  is  occasionally 
observed  in  ttunors  which  from  a  histologic  point  of  view,  at 
least,  are  adenomata. 

III.  Haemorrhage  as  a  true  etiologic  factor  in  the  production 
of  cysts  of  the  thyroid  gland,  is  uncommon.  By  far  the  greatest 
number  of  cysts  of  the  thyroid  are  produced  by  a  degeneration 
of  adenomata.  The  walls  of  these  cysts  we  find  composed  of  a 
histologic  structure  which  exactly  corresponds  to  one  or  the  other 
of  the  types  of  adenoma.  Secondary  changes  in  the  cyst  walls 
are  common,  and  are  the  result  of  compression  and  degeneration. 

IV.  Thyroid  ttmiors  may  occur,  which  histologically  present 
none  of  the  indications  of  malignancy,  but  which  clinically  must 
be  considered  as  such.  These  tumors  occur  outside  of  the  thy- 
roid gland,  are  probably  metastatic,  and  usually  appear  in  bony 
structures,  the  gland  itself  presenting  at  least  no  clinical  evidence 
of  primary  involvement. 

V.  In  exophthalmic  goitre  in  addition  to  the  type  of  the  disease 
which  presents  a  definite  and  constant  clinical  and  pathological 
picture,  there  are  other,  so-called,  irregular  forms,  which  arc 
associated  with  or  occur  secondarily  to  other  thyroid  affections, 
in  which  the  symptom  complex  of  Graves's  disease  is  not  com- 
plete, and  the  epithelial  hyperplasia  occurs  only  in  foci  and  is  of 
lesser  degree. 

VI.  Tuberculosis  of  the  thyroid,  while  a  rare  affection,  is  a 
possibility  which  must  always  be  considered  in  diagnosis.  The 
disease  may  occur  in  one  lobe  without  involvement  of  the  others, 
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and  produce  a  tumor  which  clinically  simulates  an  adenoma,  and 
the  condition  though  of  long  standing  may  present  no  visible  in- 
dications of  an  inflammatory  condition. 

VII.  Carcinoma  of  the  thyroid  is  more  common  than  indicated 
by  this  series.  Outside  of  the  "  goitrous  districts  "  carcinoma 
occurs  most  often  in  glands  that  are  apparently  normal,  and  here 
the  type  of  growth  is  that  of  an  adeno-carcinoma. 

VIII.  The  diagnosis  of  the  benign  thyroid  affections  should  as 
a  rule  present  little  difficulty.  In  contradistinction  to  the  benign 
lesions  carcinoma  does  not  produce  a  large  tumor  and  obstructive 
symptoms  and  infiltration  of  the  surrounding  tissues  occur  early. 

IX.  The  treatment  of  thyroid  lesions  with  the  possible  excep- 
tion of  exophthalmic  hypertrophy  rests  entirely  upon  a  surgical 
basis.  Accumulating  experience  likewise  tends  to  emphasize  the 
superiority  of  partial  thyroidectomy  over  the  many  other  methods 
employed  in  the  treatment  of  exophthalmic  hypertrophy. 

X.  The  risks  of  general  anaesthesia  are  too  great  to  commend 
its  employment  as  a  routine  practice  in  operations  upon  the  thy- 
roid gland.  All  cases  can  be  successfully  dealt  with  under  local 
anaesthesia,  and  the  primary  death  rate  reduced  thereby  greatly. 


PUERPERAL  INFECTION:     REPORT  OF   SIX   CASES 
ILLUSTRATING  ITS  VARIED  CHARACTER* 

By  ellice  Mcdonald,  m.  d., 

Clinical  Instructor  in  Gynecology,  College  of  Physicians  and  Surgeons.  New  Yoric. 
{From  tfu  Binder  Laboratory,  Albany,  N.  Y.) 

Puerperal  infection,  in  spite  of  the  increase  in  our  knowledge 
of  prophylaxis,  is  still  the  cause  of  the  majority  of  deaths  occur- 
ring in  pregnancy  and  the  puerperium,  and  remains,  therefore, 
one  of  the  most  frequently  discussed  topics  in  obstetric  literature. 
Although  the  pathology  of  the  simpler  or  so-called  "  pure  "  forms 
of  infection  have  been  thoroughly  described,  the  varied  manner 
in  which  the  disease  may  manifest  itself  has  not  been  so  generally 
understood.  It  seems,  therefore,  justifiable  to  add,  to  a  subject 
of  such  perennial  interest,  a  report  of  several  cases  studied  both 
clinically  and  pathologically. 

Puerperal  infection  differs  from  all  other  bacterial  infections 

*  Published  also  in  A*i^9rican  Medieinw  too6.  xi,  131. 
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in  that  it  occurs  in  organs  whose  anatomic  relations  and  blood 
supply  have  been  altered  temporarily.  This  is  of  as  great 
importance  in  determining  the  extension  of  the  infection  as  is 
trauma  in  favoring  the  original  infection.  Autoinfection  is  to 
be  ccmsidered  also,  not  only  as  infection  from  organisms  existing 
in  some  part  of  the  genital  canal,  but  also  as  infection  which  may 
be  carried  to  the  genitalia  from  some  preexisting  focus  in  a 
remote  part  of  the  body.  Two  cases  of  autoinfection  from  foci 
outside  the  genitalia  are  here  reported.  Intercurrent  bacterial 
disease  primarily  nongenital  must  also  be  considered  a  factor  in 
the  causation  of  puerperal  infection. 

A  few  words  concerning  terminology  may  not  be  out  of  place, 
for  the  obstetrician  is  notoriously  lax  in  his  use  of  terms,  e,  g,, 
the  frequent  use  of  the  term  septicemia  when  only  a  toxemia 
exists. 

In  any  discussion  of  infection  we  must  consider  on  the  one 
hand  the  local  lesion  and  on  the  other  the  secondary  manifesta- 
tions. The  local  lesion  is  due  to  the  toxic  substance  elaborated 
by  microorganisms  at  the  point  of  invasion;  at  the  same  time, 
these  soluble  substances  pass  into  the  general  circulation  and 
cause  constitutional  symptoms.  The  local  lesion  may  be  an 
abscess,  a  urethritis,  or  a  pneumonia,  etc.;  in  puerperal  infec- 
tion it  is  usually  an  endometritis.  The  constitutional  symptoms 
constitute  a  toxemia  and  not  a  septicemia.  The  latter  results 
only  when  the  microorganisms  themselves  enter  the  blood  stream 
and  are  distributed  to  all  parts  of  the  body.  N^dless  to  say  an 
absolute  diagnosis  between  toxemia  and  septicemia  can  be  made 
during  life  only  by  the  use  of  blood  cultures.  If,  with  the 
septicemia,  we  have  the  development  of  secondary  abscesses,  the 
condition  then  becomes  a  pyemia.  Pyemic  manifestations  must, 
however,  be  distinctly  separated  from  lesions  of  adjacent  organs 
due  to  direct  extension  by  continuity  or  contiguity.  Thus  we 
may  have  a  streptococcus  or  other  form  of  endometritis  with 
toxemia  or  with  septicemia;  in  the  course  of  the  latter  pyemia 
may  develop ;  or  with  either  of  the  three  conditions  we  may  have 
local  lesions  due  to  direct  extension  of  the  infection.  These 
terms  include  all  possible  forms  of  puerperal  infection,  but  unfor- 
tunately, among  surgeons  and  obstetricians  the  terms  toxemia 
and  septicemia  do  not  receive  their  exact  values. 

Another  stumbling  block  is  the  term  sapremia^  so  frequently 
used  for  toxemia.    Toxemia  is  now  usually  regarded  as  an  intox- 
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ication  resulting  from  the  absorption  of  bacterial  prodi^cts.  It 
is  possible  that  an  intoxication  may  be  caused  by  substances 
elaborated  in  the  bacteria-free  destruction  of  tissue,  but  there  is 
little  positive  evidence  to  this  effect.  By  sapremia,  obstetricians 
usually  mean  constitutional  disturbances,  as  rise  of  temperature, 
pulse,  etc.,  accompanying  the  retention  of  the  products  of  con- 
ception. These  symptoms  are  supposed  to  be  due  to  the  decom- 
position of  the  dead  tissues  by  saprophytes  with  the  production  of 
the  so-called  "  putrid  endometritis."  As  the  bacteriology  of  the 
puerperium  has  been  more  carefully  studied,  these  cases  of  putrid 
endometritis  are  found  to  have  as  a  basis,  infection  with  those 
forms  of  pathogenic  bacteria  more  difficult  of  isolation.  This 
is  shown  by  the  recent  investigation  of  Little,*  who  found  Bacillus 
aerogenes  capsulatus  to  be  not  infrequently  present  in  the  uterus ; 
and  also  by  the  recent  studies  of  gonococcus  infection  by  Stone 
and  myself  at  the  New  York  Lying-in  Hospital.  It  was  found 
that  the  presence  of  the  gonococcus  explained  a  ntunber  of  cases 
of  toxemia  with  constitutional  symptoms  which  would  ordinarily 
have  been  classed  as  sapremia.  It  would  seem  advisable,  there- 
fore, to  drop  the  old  term  sapremia  and  g^oup  these  cases  as 
toxemia  from  bacterial  infection. 

The  cases'*'  here  collected  illustrate  some  of  the  more  unusual 
forms  of  puerperal  infection  both  as  regards  the  variety  of  causa- 
tive organisms  as  well  as  the  pathologic  lesions. 

Case  I. — Streptococcic  endometritis  with  septicemia;  B.  aerogenes 
capsulatus  infection;  acute  yellow  atrophy  of  the  liver.  Records  of 
New  York  Lying-in  Hospital;  Case  No.  7»099;  primipara;  aged  25; 
pregnancy  of  seven  months'  duration. 

History. — Vomiting  of  pregnancy  was  moderately  severe  at  foorth 
month ;  but  improved  towards  the  sixth.  Two  days  before  admission  the 
patient  induced  labor  by  passing  a  button  hook  into  the  uterus,  rupturing 
the  membranes.  Labor  pains  began  shortly  after  and  the  child  was  par- 
tially expelled  on  the  evening  of  the  second  day.  On  entering  the  hospital 
the  OS  was  dilated  and  the  child  delivered.  The  uterus  was  irrigated  and 
packed  with  iodoform  gauze.  Vomiting  was  incessant  at  entrance,  and 
there  was  slight  jaundice.  The  temperature  on  admission  was  loa*; 
pulse  140.  On  the  following  day  the  gauze  was  removed.  Patient  was 
restless  and  noisy,  but  rational;  vomiting  severe;  no  abdominal  tender- 
ness. Third  day,  slight  stupor ;  vomiting  and  jaundice  increased.  Fourth 
day,   profound   coma;    vomiting   severe;    vomitus   stained   with   blood. 


*I  am  indebted  to  Drs.  Lipes,  Lochner  and  Happel  for  the  clinical  histories  oC  the  < 
from  the  Bender  Laboratory  and  Drs.  Painter  and  Stone,  late  attending  phyiicians  to  the 
New  York  Lying-in  Hotpital.  for  permission  to  report  two  cases  which  occurred  during  my 
serrice  under  them. 
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Fifth  day,  comatose  condition  continued;  incessant  vomiting;  con- 
junctivas deeply  bile  stained  and  hemorrhagic.    Patient  died. 

Urine. — Analysis  showed  high  specific  gravity,  a  trace  of  albumin,  a 
few  blood  cells,  granular  and  hyaline  casts  and  leucin  and  tyrosin. 

Blood  cultures  were  negative.  Blood  counts  showed  3,950,000  red  cells, 
75  per  cent,  hemoglobin  and  18,000  to  19,500  leukocytes.  The  latter  were 
divided  into  small  lymphocytes,  75  pen  cent. ;  large  lymphocytes,  65  per 
cent ;  polymorphonuclears,  86  per  cent. 

Autopsy*  by  Dr.  Martha  Wollstein.  The  autopsy  was  performed  six 
hours  after  death. 

Body  is  that  of  a  medium-sized  woman,  fairly  well  nourished;  sub- 
cutaneous fat  small  in  amount.  There  is  slightly  marked  general  icterus 
and  a  group  of  small  subcutaneous  hemorrhagic  spots  just  below  and  to 
the  left  of  the  umbilicus. 

Liver. — Not  decreased  in  size.  In  the  mamillary  line  it  extended  to  the 
free  border  of  the  ribs.  Weight  is  1,900  grams.  The  liver  as  a  whole 
was  light  yellow  in  color  and  firm  in  consistency.  On  the  inferior  sur- 
face of  the  right  lobe  there  were  areas  which  were  softer  than  the  rest 
of  the  liver  substance,  and  a  brighter  yellowish  green  in  color.  The 
k>bules  were  indistinct  everywhere,  the  central  veins  being  plainly  visible, 
apparently  distended,  but  the  lobules  around  them  are  not  clearly  out- 
lined. In  the  softer  areas  the  lobulation  is  almost  entirely  lost.  Glisson's 
capsule  is  smooth  and  glistening,  with  many  small  hemorrhages  in  and 
beneath  it  The  connective  tissue  septums  are  apparently  not  thickened. 
The  branches  of  the  portal  veins  are,  for  the  most  part,  empty.  Gall- 
bladder contains  green  fluid  bile;  the  ducts  are  patent.  The  blood  in 
the  portal  veins  foams,  but  there  are  no  holes  in  the  liver  substance. 

Spleen. — Weighs  200  grams.  Crackles  on  pressure.  Dark  red  in  color, 
soft,  almost  diffluent,  and  riddled  with  small  holes. 

Stomach — Contents  dark  brown  and  fluidless.  The  mucous  membrane 
is  covered  with  blood-stained  mucus  and  shows  punctate  hemorrhages, 
most  numerous  on  the  posterior  surface. 

Kidneys. — Normal  in  size;  capsules  free;  cortex  not  thickened;  mark- 
ings blurred.  In  the  boimdary  zone  are  many  small  hemorrhagic  areas, 
contrasting  sharply  with  the  gray  cortex  and  medulla. 

Bladder. — Punctate  hemorrhages  of  the  mucosa  near  the  trigone. 

Uterus. — Sixteen  cm.  in  length.  Muscle  is  flabby  and  emphysematous, 
and  peritoneal  surface  is  normal.  The  endometrium  is  greenish  black 
in  color  and  gangrenous  from  the  fundus  to  the  lower  border  of  the 
cervical  lips.  Attached  to  the  mucosa  at  the  fundus,  to  the  left  of  the 
median  line,  is  a  mass  of  placental  tissue  which  is  gangrenous. 

Anaerobic  cultures  were  made  from  the  liver,  spleen  and  uterine  wall. 
Bacillus  aerogenes  capsulatus  grew  from  each  of  these  organs. 

Aerobic  cultures  from  the  liver  and  endometrium,  gave  growths  of 
streptococci. 

Diagnosis  of  acute  yellow  atrophy  of  liver  was  confirmed  by  histok>gic 
examination. 

*Oii]y  those  portions  of  the  ftutopey  protocols  pertinent  to  the  subjiect  tmder  discussion 
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Pathologic  Diagnosis. — Puerperal  uterus;  gangrenous  and  emphy- 
sematous  endometritis;  general  infection  with  Streptococcus  Pyogenes; 
acute  yellow  atrophy  of  the  liver;  pulmonary  edema;  chronic  pleurisy. 

Case  IL^Double  pyonephrosis;  pyoureter;  Staphylococcus  pyogenes 
aureus  septicemia. 

Bender  Laboratory  Records,  autopsy  0-247. 

Clinical  Aw/ory.— Primipara.  Patient  was  sent  to  the  Albany  Hospital 
for  irrepressible  vomiting  when  8^  months  pregnant  She  was  mudi 
emaciated  and  weak.  Temperature  was  ioi''-i02''  at  night  and  usually 
subnormal  in  the  morning.  The  vomiting  which  had  persisted  for  two 
weeks  was  controlled  by  purgatives,  dieting  and  saline  enemas;  but  the 
fever  persisted.  The  urine  showed  a  few  pus  cells  but  no  albumin. 
Patient  was  delivered  at  term  of  a  dead  child.  Temperature  went  higher 
after  delivery  and  the  patient  died  on  the  same  day. 

Autopsy  by  Dr.  George  Bluroer. 

Left  kidney. — Measures  11x5.5x4  cm.  The  capsule  strips  readily.  The 
surface  of  the  kidney  is  pale  and  is  dotted  with  purulent  fod  which- 
extend  into  the  kidney  substance.  On  section  kidney  tissue  is  exceedingly 
pale.  Occupying  the  pyramid  in  several  cases  are  small  abscess  cavities 
from  2  to  12  mm.  in  diameter.  These  abscess  cavities  are  sur- 
rounded by  a  distinct  hemorrhagic  zone.  In  some  of  the  pyramids  near 
the  base  can  be  seen  minute  pin-point  opaque  areas  extending  into  the 
tubules.  The  pelvis  of  the  kidney  contains  a  small  quantity  of  purulent 
material  and  the  surface  is  somewhat  hemorrhagic  The  glomeruli  arc 
visible  and  the  cortex  measures  8  mm.  in  thickness.  In  numerous  areas 
the  infection  can  be  seen  extending  up  along  the  tubules.  There  is 
marked  cloudy  swelling.    Left  ureter  slightly  dilated. 

Right  kidney. — Measures  11x6x4  cm.  Capsule  strips  readily;  surface 
is  pale  and  is  studded  with  numerous  small  abscesses.  There  is  one 
retention  cyst,  i  cm.  in  diameter,  on  the  surface.  On  section,  the  tissue 
of  the  kidney  is  very  pale  and  is  thickly  studded  with  small  abscesses 
which  appear  to  extend  up  along  the  tubules  and  in  places  show  large 
areias  of  necrosis.  As  in  the  other  kidney,  the  abscesses  are  surrounded 
by  a  hemorrhagic  area.  The  cortex  measures  6  mm.  The  pelvis  of 
the  kidney  is  much  dilated,  contains  a  small  quantity  of  purulent  material 
and  its  mucosa  is  markedly  hemorrhagic. 

Bladder. — Contains  about  60  cc.  of  turbid  straw  colored  urine;  beyond 
some  congestion,  its  mucous  membrane  is  of  normal  appearance.  The 
right  ureter  just  where  it  passes  over  the  pelvic  brim  becomes  markedly 
dilated  and  at  a  point  near  the  kidney  measures  2.75  cm.  in  diameter. 
Throughout  the  dilated  portion  the  mucous  membrane  is  dotted  with 
hemorrhages  and  in  some  places  clots  have  formed.  On  the  left  side^ 
12  cm.  above  the  ureteral  orifice,  the  ureter  is  dilated  and  measures  .75 
cm.  in  diameter,  while  near  the  kidney  it  measures  1.75  cm.  in  diameter. 
The  mucous  membrane  is  hemorrhagic  in  places.  Both  ureters  in  the 
region  of  their  entrance  into  the  bladder  are  of  normal  appearance. 

Uterus. — Measures  16.5x11x8  cm.  There  are  lateral  lacerations  of  the 
cervix  most  marked  upon  the  right  side.  The  fundus  of  the  uterus  con- 
tains  a   considerable   amount  of   clotted   blood.     The   interior   is   much 
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Toughened  and  the  surface  is  exceedingly  irregular.  Uterine  musck  is 
of  normal  appearance.  The  vagina  is  much  dilated  and  the  mucous 
membrane  shows  numerous  small  hemorrhages.  Ovaries  and  tubes  are 
normal.     Placenta  is  normal. 

Microscopic  Examination,— Kidneys :  The  greater  portion  of  the  sub- 
stance shows  marked  cloudy  swelling.  Scattered  here  and  there  through 
the  organ,  usually  along  the  group  of  tubules,  are  areas  in  which  the 
kidney  substance  is  densely  infiltrated  with  cells,  both  polynuclear  and 
small  round  cells.  Some  of  these  cells  are  in  the  lumen  of  the  tubules, 
others  are  between  the  tubules.  Associated  with  these  lesions  is  a  cer- 
tain amount  of  hemorrhage  between  the  tubules  and  a  considerable  degree 
of  necrosis  of  the  kidney  cells.  In  some  places  there  has  been  an  extensive 
breaking  down  of  the  kidney  substance  with  the  formation  of  abscesses. 
The  vessels  are  in  places  plugged  with  bacteria. 

Bacteriologic  Examination. — Cultures  were  taken  from  heart's  blood, 
liver,  spleen,  both  kidneys,  pericardium  and  a  mesenteric  gland. 

Cultures  from  the  mesenteric  gland  and  pericarditun  were  sterile. 

Cultures  from  heart's  blood,  liver,  spleen  and  both  kidneys  contained  in 
pure  culture  the  Staphylococcus  pyogenes  aureus. 

Pathologic  Diagnosis. — Infection  of  both  kidneys  with  cloudy  swelling. 
Dilation  of  both  ureters  with  pyoureter.  Slight  pyonephrosis.  Acute 
splenic  tumor.  Cloudy  swelling  of  liver.  Swelling  of  mesenteric  glands. 
Slight  arteriosclerosis.  Persistent  Meckel's  diverticulum.  Enlarged 
uterus  just  after  labor.  Infection  of  kidneys  by  Staphylococcus  pyogenes 
aureus,  associated  with  general  infection  of  blood  and  organs  with  the 
same  organism. 

Case  III. — Periuterine  thrombophlebitis;  cerebral  thrombosis  with 
purulent  meningitis;  pulmonary  embolism;  streptococcus  infection; 
Pyemia. 

Bender  Laboratory  Records,  autopsy  No.  0-554. 

Clinical  history: — Patient  had  an  uneventful  pregnancy  until  the  seventh 
^month.  She  then  suffered  from  angina,  which  was  relieved  in  two  days 
by  treatment  with  gargles  and  silver  nitrate  applications.  She  still 
suffered,  however,  from  headache,  photophobia,  and  restlessness;  evening 
temperature  elevated  from  one  to  two  degrees. 

Two  weeks  later,  when,  seven  and  a  half  months  pregnant,  premature 
labor  occurred  without  intervention.  At  the  termination  of  labor  immedi- 
ately after  the  placenta  had  been  expelled  spontaneously  the  patient  sud- 
denly complained  of  breath lessness,  became  cyanotic,  and  dyspenic,  and 
died  in  less  than  two  minutes. 

Autopsy  by  Dr.  George  Blumer. 

Heart. — Right  side  contains  fluid  blood  and  postmortem  ck)ts.  Endo- 
cardium and  valves  are  normal  and  the  average  thickness  of  muscle  of 
right  ventricle  is  4  mm.  Left  side  contains  postmortem  clots;  endo- 
cardium, valves  and  coronary  arteries  are  normal.  Auricular  appendages 
are  empty  and  foramen  ovale  is  patent  but  is  protected  by  a  semilunar 
flap.    Heart  muscle  is  pale  and  opaque. 

Left  lung. — Firmly  bound  down  by  old  adhesions.  It  is  crepitant  and 
-on  section   slightly  edematous   and  congested  throughout.     Two  of  the- 
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larger  pulmonary  veins  contain  antemorten  thrombi.  Bronchi  show 
slight  congestion  of  the  mucosa. 

Right  /Mnir'—Slightly  adherent  at  the  apex.  It  is  crepitant  and  on 
section  the  upper  and  middle  lobes  are  slightly  congested  and  edematous. 
The  lower  lobe  is  markedly  so.  Vessels  in  this  lung  appear  free  from 
clots.     Bronchial  glands  are  slightly   enlarged  and   pigmented. 

Left  kidney. — Capsule  strips  readily,  leaving  a  smooth  surface.  On 
section  the  cortex  is  markedly  swollen  and  pale,  the  markings  are  indis- 
tinct and  glomeruli  are  scarcely  visible.  Veins  contain  fresh  thrombi 
and  a  fresh  thrombus  is  present  in  the  main  branch  of  the  renal  vein. 

UUrus.^MtAstxres  14x10x5.5  cm!  The  musculature  is  flabby,  averaging 
1.5  cm.  in  thickness  and  endometrium  is  rough;  a  mass  of  adherent 
material  with  the  appearance  of  blood  clot,  is  in  the  fundus  over  an 
area  5  cm.  in  diameter.  The  peritoneal  surface  is  smooth.  The  tubes  and 
ovaries  are  normal.  Vaginal  tissue  about  the  cervix  is  cyanotic  and 
shows  a  few  hemorrhages.  V^ins  in  the  broad  ligament  contain  red  and 
mixed  thrombi,  -which  are  more  ntmierous  on  the  left  side. 

Brain. — Shows,  on  the  surface,  three  distinct  areas  of  softening.  The 
largest  is  on  the  right  side  at  the  vertex  in  the  region  of  the  first  frontal 
convolution,  the  second  is  on  the  right  side  in  the  region  of  the  upper 
part  of  the  parietal  lobule  and  the  third  is  on  the  left  side,  just  anterior 
to  the  fissure  of  Rolando,  involving  the  ascending  frontal  convolution. 

In  connection  with  all  these  areas  beneath  the  pia-arachnoid  there  are 
collections  of  yellowish  green  pus.  The  longitudinal  sinus  contains 
parietal  antemortem  clots;  the  lateral  sinus  is  free  from  clots. 

Bacteriologic  Examination. —  Coverslips  from  the  uterus  show  cocci  in 
chains,  not  decolorizing  by  Gram,  and  bacilli  decolorizing  by  Gram. 

Cultures  from  spleen,  bile,  and  meninges  were  sterile.  Cultures  from 
uterus  and  left  renal  thrombus  show  Streptococcus  pyogenes  and  Proteus 
vulgaris. 

Pathologic  Diagnosis. -^Thrombosis  of  veins  of  left  broad  ligament  and 
left  renal  veins.  Thrombosis  of  branches  of  the  right  pulmonary  veins. 
Thrombosis  of  the  longitudinal  sinus.  Multiple  thromboses  of  cerebral 
vessels  with  areas  of  softening.  Purulent  meningitis  over  these  areas. 
Chronic  adhesive  pleurisy  on  left  side.  Cloudy  swelling  of  heart  muscle^ 
liver,  and  kidney.    Acute  splenic  tumor.    Puerperal  uterus. 

Case  IV. — Suppurative  salpingitis  and  perisalpingitis;  lymphangitis; 
septic  endometritis;  general  suppurative  peritonitis  from  infection  xvith 
the  streptococcus,  the  gonococcus  and  the  colon  bacillus;  septicemia. 

Record  of  New  York  Lying-in  Hospital,  Case  No.  8410. 

CHnical  history. — Primipara,  aged  18. 

Previous  history. — Six  days  before  entering  the  hospital  labor  pains  set 
in  and  the  patient  was  delivered  of  a  seven  months'  child  by  an  outside 
physician.  The  child  lived  one  hour.  Bowels  moved  with  an  enema  on 
the  second  day  and  at  this  time  there  was  "  fever "  and  abdominal  pain. 
On  the  sixth  day  she  was  sent  to  the  hospital,  having  suffered  with  pain 
in  the  lower  abdomen  and  *'  fever  "  during  this  time. 

Condition  at  entrance  on  sixth  day  postpartum. — Pulse  no,  high  ten- 
sion, regular.    Temperature  104**,  no  abdominal  tenderness.     No  rigidity. 
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Uterus  seems  well  involuted.  Vaginal  examination  shows  many 
condylomas  and  profuse  purulent  discharge.  The  uterus  is  ante- 
verted,  soft,  tender  and  fixed.  Os  admits  one  finger,  no  placental  masses 
are  felt.  On  palpation  in  the  lateral  fornixes,  extreme  tenderness  is 
elicited.  Left  appendage  seems  negative;  but  on  the  right  there  is  a 
moderate  sized  fixed  mass.  No  mass  or  swelling  is  found  in  the  cul-de-sac 
Rectal  examination  corroborates  vaginal. 

Smear  taken  from  inside  of  the  cervix  shows  gonococci  and  strep- 
tococci. Culture  from  the  uterus  showed  streptococci  in  pure  culture. 
Blood  culture  on  the  sixth  day  was  negative.  Leukocyte  count  was  29,000, 
of  which  90.5  per  cent,  were  polymorphonuclears.  Urine  showed  a  trace 
of  albumin  with  hyaline  casts.  Leucin  and  tyrosin  were  absent.  The  diag- 
nosis at  this  time  was  septic  endometritis  with  gonorrheal  salpingitis. 

On  the  seventh  and  eighth  days  her  condition  was  unchanged.  Bowels 
moved  freely.  Evening  temperature  was  102*  with  morning  remission. 
There  was  slight  pain  in  the  hypogastrium.  On  the  eighth  day  tempera- 
ture was  los"*  in  the  evening  and  pulse  100.  No  abdominal  rigidity  was 
shown. 

On  the  ninth  day,  after  a  large  bowel  movement  patient  complained  of 
sudden  and  severe  abdominal  pain  and  difficulty  in  breathing.  Pain  was 
referred  to  the  epigastrium  and  right  limibar  region.  It  was  peristaltic 
in  character,  intermittent,  and  intense.  The  tongue  was  dry  and  there 
was  slight  vomiting  of  clear  green  fluid.  Pulse  rose  to  120,  was  thready 
and  of  high  tension.  Abdomen  was  very  markedly  rigid  and  tender. 
Expression  was  anxious  and  patient  cried  out  with  pain. 

Vaginal  examination  showed  slight  fullness  in  the  cul-de-sac  with  marked 
tenderness,  otherwise  as  before.  Leukocytosis  at  this  time  was  11,000,  of 
which  89.2  per  cent  were  polymorphonuclears. 

Patient  was  put  on  the  operating  table  four  and  a  half  hours  after  onset 
of  acute  pain  and  rigidity.  Laparotomy  was  done  under  ether  anesthesia  in 
Trendelenberg  position  with  median  incision. 

On  opening  the  peritoneum  large  quantities  of  seropurulent  fluid  escaped. 
Severe  general  peritonitis  was  present  with  marked  congestion  of  the 
visceral  blood-vessels.  Peritonitis  was  most  intense  in  the  pelvic  region. 
Appendix  was  adherent  to  right  tube  and  ovary.  Right  tube  was  large, 
much  thickened  and  inflamed  and  covered  with  tags  of  adhesions.  Pus 
exuded  from  the  fimbriated  end.  There  were  the  remains  of  many 
rtcent  adhesions  in  the  region  of  the  right  tube  and  in  the  right  side  of 
the  pelvis.  Right  tube  and  ovary  were  removed  with  the  uterus,  leaving 
the  left  tube  and  ovary  and  stump  of  cervix.  The  entire  peritoneal  cavity 
was  flushed  with  hot  .saline  solution.  Iodoform  gauze  drain  was  passed 
through  the  cervix  and  abdomen  closed  by  through-and-through  silk- 
wormgut  sutures,  as  patient's  condition  was  poor.  Death  occurred  after 
four  hours  without  rally. 

Blood  taken  from  vein  just  before  operation  and  placed  on  serum  agar 
and  ascitic  agar  yielded  no  growth. 

Cultures  taken  at  operation  from  the  peritoneal  pus,  and  from  the 
fimbriated  end  of  the. tube  showed  B,  coli  and  streptococci;  from  the 
inner  end  of  the  tube,  no  growth ;  from  the  uterine  cavity,  no  growth. 
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Case  V. — Acuie  suppurative  (postabortive)  endometritis  salpingitis^ 
acute  AbrinO'Purulent  peritonitis;  general  infection  with  pneunto coccus; 
Pyemia. 

Records  of  the  Bender  Laboratory'*  autopsy  0-756. 

Clinical  history. — Patient,  aged  20.  ,Para  II,  four  months  pregnant. 
Abortion  was  induced  by  a  midwife  by  means  of  a  catheter.  Infection 
resulted.  She  was  admitted  to  the  Albany  Hospital  and  the  uterus  was 
curetted  and  packed;  but  she  died  three  days  afterwards.  Temperature 
was  102*  at  admission  and  ran  from  102^  to  103*  until  death  from 
peritonitis. 

Autopsy  by  Dr.  Stanton. 

Abdominal  cavity. — All  peritoneal  surfaces  are  covered  with  a  sticky^ 
grayish  yellow,  purulent  exudate  which  is  thin  between  adherent  surfaces 
of  peritoneum,  but  reaches  i  mm.  to  4  mm.  in  thickness  over  the  peritoneal 
surfaces  held  apart  by  collections  of  fluid.  Omentum  completely  covers 
intestines,  its  free  border  reaching  down  into  the  pelvis,  where  it  is  covered 
with  a  thick  layer  of  fibrinopunilent  exudate.  The  pelvis  and  dependent 
portions  of  the  abdomen  are  filled  with  a  yellowish  turbid  fibrinopunilent 
exudate.  The  subperitoneal  bloodvessels  are  everywhere  deeply  injected. 
The  urinary  bladder  is  distended,  reaching  3  cm.  above  the  pubes.  Appen- 
dix measures  8.5  cm.  in  length,  has  a  free  mesoappendix,  extends  down- 
ward and  inward  over  the  brim  of  the  pelvis  and  is  negative,  except 
for  exudate  on  the  peritoneal  surface. 

Uterus  and  appendages:  These  are  covered  with  a  black  layer  of 
fibrinopunilent  exudate.  The  fimbriated  extremity  of  the  left  tube  is 
turned  upward,  is  deeply  congested  and  exudes  a  thick  creamy  pus 
when  the  tube  is  compressed.  Right  tube  extends  downward,  back- 
ward and  outward,  the  fimbriated  extremity  lyring  behind  and  below  the 
ovary,  and  is  embedded  in  a  thick  layer  of  the  fibrinopurulent  exudate. 
Both  tubes  are  deeply  congested,  somewhat  swollen  and  on  pressure  a 
thick  cream  colored  pus  can  be  forced  from  both  abdominal  and  uterine 
ends.  Mucosa  of  the  tubes  is  deep  red  in  color  and  is  covered  with  cream 
colored  pus;  ovaries  are  deeply  injected  and  covered  with  a  fibrinopuni- 
lent exudate. 

Uterus:  This  is  enlarged,  globular  in  shape,  extending  upward  to 
the  level  of  the  promontory  of  the  sacrum,  is  distinctly  retrofiexed. 
Cervix  measures  2.5  cm.  in  diameter  and  projects  i  cm.  into  the  vagina. 
Cervical  canal  is  dilated,  easily  admits  one  finger  and  measures  3  cm. 
in  length;  external  os  is  deeply  congested  and  covered  with  a  yellow 
purulent  material.  Uterine  cavity  above  the  internal  os  measures  7.$ 
cm.  in  length ;  the  muscle  is  firm ;  the  inner  surface  of  the  uterus  presents 
a  grayish  granular  surface  with  areas  of  bluish  black  and  deep  red 
discoloration.    There  is  no  evidence  of  endometrium. 

Vagina:  Negative  except  for  congestion  and  bluish  discoloration  in 
the  region  of  the  cervix.  This  is  especially  marked  in  the  posterior 
fornix. 

Right  common  iliac  vein  contains  several  firra3rish  granular  masses 
3  mm.  to  s  mm.  in  diameter,  the  remains  of  softened  thrombus. 

Bactcriologic  Examination. — Smears  from  the  peritoneum  show  numer- 
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008  cocci  in  pairs  and  short  chains  with  numerous  badlli  of  varying 
morphology. 

Cultures  from  peritoneum,  liver,  spleen  and  kidney  show  numerous 
minute  translucent  slightly  raised  colonies  on  agar  from  which  are 
obtained  lanceolate  diplococci  staining  by  Gram's  method.  Subcultures 
from  these  minute  colonies  were  sterile  after  48  hours.  On  original 
cultures  were  also  moist,  semitranslucent  colonies  i  mm.  to  3  nun.  in 
diameter,  from  subcultures  of  which  was  obtained  a  gas-producing  bacillus 
which  coagulated  milk  with  acid  reaction. 

Cultures  from  the  uterus  showed  a  large  number  of  organisms  which 
were  not  worked  out. 

Microscopic  Description. — Uterus :  Mucosa  has  been  removed.  Muscu- 
lar walls  show  narrow  zones  of  necrosis  adjacent  to  uterine  cavity. 
Small  bloodvessels  near  cavity  are  thrombosed.  Considerable  leukocytic 
infiltration  of  all  tissues  with  scattered  masses  of  bacteria. 

Tube  is  markedly  congested  and  lumen  is  filled  with  pus.  Serous 
surface  is  covered  with  an  exudate  of  fibrin  and  leukocytes.  All  coats 
are  infiltrated  with  polynudear  leukocytes  and  lymphocytes.  Fibroblasts 
with  a  few  new  formed  bloodvessels  are  found  beneath  the  exudate  on 
the  peritoneal  surface.  Gram-Weigert  stains  show  ntunerous  coed  in 
pairs  and  short  chains,  and  long  rod-shaped  badlli. 

Pathologic  Diagnosis. — Acute  suppurative  salpingitis  and  endometritis. 
Acute  fibrinopunilent  peritonitis.  Mural  thrombus  of  right  heart  Con- 
gestion and  edema  of  the  lung  with  hemorrhages.  Slight  cloudy  swelling 
of  liver  and  kidneys. 

Case  VI. — Acute  hemorrhagic  endometritis;  acute  suppurative  peri- 
tonitis and  pericarditis;  septic  pneumonia  with  pleuritis;  Staphylococcias 
Pyogenes  aureus  infection;  pyemia. 

Bender  Laboratory  Records,  autopsy  0-198. 

Clinical  history:  After  an  apparently  normal  pregnancy,  patient  was 
delivered  by  a  midwife  and  entered  the  hospital  on  the  eighth  day 
postpartum  very  profoundly  infected.  Death  occurred  36  hours  after, 
her  condition  being  so  bad  that  nothing  could  be  attempted  in  the  way 
of  operative  measures. 

Autopsy  by  Dr.  George  Blumer. 

Peritoneal  cavity  contains  about  300  cc.  of  turbid  purulent  fluid.  Both 
layers  are  dull,  injected  and  covered  with  a  small  amotmt  of  fibrin. 
Intestinal  coils  and  omentum  are  adherent  to  one  another  by  fresh 
adhesions.    Appendix  is  normal.    Retrosternal  glands  are  not  enlarged. 

Pericardial  cavity:  Distended  with  250  cc.  of  turbid  yellow  fluid. 
Both  layers  are  dull  and  slightly  injected. 

Left  pleural  cavity:  Contains  about  1,000  cc.  of  turbid  serous  fluid. 
Right  pleural  cavity  also  contains  turbid  fluid. 

Left  lung:  Pleura  is  covered  by  layers  of  flbrin  and  lymph.  Both 
lobes  are  crepitant  and  on  section  are  congested  and  edematous.  Bronchi 
are  congested  and  covered  with  mucopurulent  fluid.  Bloodvessels  are 
normal. 

Right  lung:  Botmd  down  by  fresh  adhesions  on  all  its  surfaces. 
•Pleura   is   also   covered   by  layers   of  fibrin    and    lymph.    Lung   is   less 
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crq>itant  than  normal  and  lower  lobe  feds  quite  solid.  On  section 
lower  lobe  shows  bronchopneumonic  areas  and  elsewhere  lung  i$  con- 
gested and  edematous. 

Uterus  is  enlarged,  subinvoluted,  soft  and  measures  12  x  8  x  5  cm.  Peri- 
toneal covering  is  injected  and  covered  with  a  plastic  fibrinous  exudate. 
The  OS  is  patulous  and  escaping  from  it  is  a  large  amount  of  sticky  blood- 
stained material.  The  endometrium  is  markedly  congested  and  shows  a 
few  discrete  submucous  hemorrhages,  the  mucosa  is  covered  with  tenacious 
foul  mucoid  fluid.  Uterine  walls  are  2  cm.  in  thickness.  Mucous  mem- 
brane of  the  vagina  is  congested  and  shows  a  few  hemorrhagic  points. 
Tubes  and  ovaries  are  apparently  normal. 

Bacteriologic  Examination. — Smears  from  fluid  of  pleura,  pericardium 
and  peritoneum  contain  many  polymorphonuclear  leukocytes  with  round 
cocci,  generally  single,  which  do  not  decolorize  by  Gram's  method. 

Cultures  from  spleen  and  gallbladder  are  negative.  Staphylococcus 
pyogenes  aureus  is  obtained  in  pure  culture  from  liver,  pleura  and  uterine 
cavity.  Cultures  from  the  bronchopneumonic  areas  of  lung  and  from 
peritoneum  show  colon  bacillus  as  well  as  Staphylococcus  pyogenes  aureus. 
Kidneys  give  a  pure  culture  of  colon  bacillus. 

Pathologic  Diagnosis. — General  infection  with  Staphylococcus  Pyogenes 
aureus.  Infection  of  kidney,  lung  and  peritonetun  with  B.  coli  communis. 
Bronchopneumonia  with  edema  of  the  lungs.  Acute  bronchitis.  Fibrino- 
purulent  peritonitis,  pericarditis  and  pleurisy.  Acute  splenic  tumor. 
Cloudy  swelling  of  kidney.  Subinvoluted  uterus  with  acute  hemorrhagic 
endometritis. 

Discussion  of  Cases. 

Case  I. — Legg^s  statistics  show  that  69  of  100  cases  of  acute 
yellow  atrophy  occurred  in  females  and  in  25  there  was  the  asso- 
ciation of  pregnancy.  Thierf elder  collected  143  cases,  of  which 
88  occurred  in  females  and  in  33  instances  it  was  associated  with 
pregnancy.  However,  acute  yellow  atrophy  is  also  found  in  as- 
sociation with  many  other  conditions  and  with  bacterial  infections. 
Among  the  bacterial  diseases  may  be  mentioned  typhoid  fever, 
diphtheria,  erysipelas,  osteomyelitis  and  puerperal  infection. 
Richter*  has  collected  41  cases  of  acute  yellow  atrophy  in  associa- 
tion with  syphilis.  Babes*  has  reported  5  cases  following  strep- 
tococcus infection  and  BalUn*  has  collected  10  cases  following 
chloroform  anesthesia. 

Hyperemesis  gravidartmi  is  a  not  infrequent  association  with 
acute  yellow  atrophy.  Stone"  reports  one  case  of  acute  yellow 
atrophy  with  this  association  and  collects  a  large  number  of 
others.  Meyer-Wirz*  among  other  degenerative  changes  in  the 
liver  of  patients  dying  from  eclampsia  fotmd  one  case  of  acute 
yellow  atrophy,  not  associated  with  puerperal  infection. 

The    frequent    occurrence    of    infection    in    association    with 
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eclamptic  and  other  toxemias  of  pregnancy  is  well  known. 
Schrieber^  in  a  statistical  study,  reports  that  out  of  29  deaths  with 
eclampsia  7  died  of  sepsis,  and  Meyer- Wirz,*  in  117  cases  of 
eclampsia,  had  35  deaths,  in  which  puerperal  infection  had  super- 
vened in  three  and  in  an  additional  case  there  was  septic  pneu^ 
monia.  However,  the  toxic  symptoms,  as  shown  by  the  vomit- 
ing, were  not  severe  in  the  case  reported  here ;  but  it  seems  that 
the  association  of  infection  and  pregnancy  is  a  factor  of  some 
significance  in  the  production  of  acute  yellow  atrophy  of  the  liver. 
Strictly  speaking,  this  should,  perhaps,  be  considered  a  complica- 
tion of  pregnancy  rather  than  an  example  of  puerperal  infection. 
In  view,  however,  of  the  probability  of  the  infection  beginning 
in  the  genitalia  it  may  justly  be  considered  here. 

Case  II. — Pyonephrosis  is  a  rather  uncommon  ccmiplication  of 
pregnancy,  but  hydronephrosis  and  dilation  of  the  ureters  does 
not  appear  to  be  so.  Olshausen*  has  reported  16  cases  of  dilation 
of  the  ureter,  in  12  of  which  the  condition  was  unilateral  and  in 
10  of  these  on  the  right  side.  This  distribution  is  supposed  to  be 
due  to  the  greater  frequency  with  which  the  fetal  head  lies  in  the 
right  oblique  diameter  of  the  pelvis.  In  this  case  the  position  was 
1.  o.  a.,  but  the  measurements  of  the  pelvis  were  not  noted.  It 
may  be  possible  that  a  generally  contracted  pelvis  with  an  obliter- 
ated promontory  would  permit  pressure  to  come  upon  both 
ureters  at  the  pelvic  brim  and  cause  such  dilation  of  the  ureters 
as  occurred  in  this  case. 

Cragin***  in  a  study  of  10  cases  of  pyelitis  complicating  pr^- 
nancy,  states  that  according  to  Vinay*^  this  condition  depends 
upon  two  etiologic  factors:  (i)  Pressure  of  the  ureter  by  the 
pregnant  uterus;  (2)  infection  of  the  urinary  tract  above  the 
point  of  compression.  Cragin  states  that  in  his  cases  the  clinic^ 
course  was  marked  by  right-sided  pain,  sometimes  elicited  only 
by  palpation  or  sudden  motion.  A  rise  of  temperature  usually 
occurred.  He  states  that  irritability  of  the  bladder  with  fre- 
quent micturition  is  common,  but  that  "the  infection  is  a  de- 
scending one  and  cystitis,  when  it  does  occur,  is  usually  secondary 
to  the  pyelitis  and  ureteritis." 

The  experiments  of  Rebdaud  and  Bonneau  upon  animals  are 
quoted  in  support  of  this  view.  These  investigators  produced 
pyonephrosis  by  aseptic  ligation  of  the  ureter  and  the  injection 
into  a  distant  part  of  the  body  of  streptococci  or  colon  bacilli. 

The  case  reported,  because  of  the  exemption  of  the  bladder 
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and  die  lower  part  of  the  ureter,  seems  to  have  been  a  descending 
infection.  Staphykx:occus  infection  in  such  cases  is  rare;  cohm 
infection  is  by  far  the  most  frequent  cause  according  to  the  col- 
lected cases  of  Cragin.  One  instance  of  streptococcus  infection 
has  been  reported  by  Vinay  and  one  of  gonococcus  by  Loy. 

It  is  interesting  to  note  in  view  of  the  recently  advanced  theory 
of  the  common  origin  of  eclamptic  toxemia  and  toxemia  of  preg- 
nancy with  vomiting  that  this  case  was  admitted  to  the  hospital 
for  pernicious  vomiting  and  that  Meyer-Wirz  in  his  35  autopnes 
for  eclampsia  noted  bilateral  hydronephrosis  and  dilation  of  tfie 
ureters  in  one  case. 

Rochard**  reports  a  case  of  severe  bilateral  pyelonephritis  in 
advanced  pregnancy  with  immediate  recovery  after  delivery  of 
twins.  He  quotes  Kendirdjy's  statistics  of  62  cases  among 
which  there  were  only  two  deaths,  and  advises  expectant  medical 
treatment,  but  states  that  if  interference  is  necessary  premature 
delivery  should  be  the  rule  rather  than  an  operation  on  the  kidney. 
Cova"  has  reported  21  cases  in  which  nephrectomy  was  done 
with  resulting  abortion  in  only  five.  The  danger  of  involvement 
of  the  second  kidney  is  so  great  that  it  would  seem  preferable  to 
remove  the  cause  of  compression  of  the  ureter  rather  than  to 
remove  the  kidney. 

Foumier^*  has  reported  two  cases  of  this  condition  with  varied 
course.  In  one  there  was  gradual  onset  in  the  early  months  of 
pregnancy,  premature  labor  and  birth  of  a  dead  child  at  seven 
months.  In  the  other  there  was  an  acute  attack,  nephrotomy  and 
labor  at  term.  Schwab"  also  reports  two  cases,  in  one  there  was 
a  history  of  gonorrhea  and  the  infection  was  severe,  but  patient 
went  to  term.  The  second  case  was  one  of  hydramnios  and  ran 
an  apyretic  course.  The  colon  bacillus  was  the  infecting  organ- 
ism and  a  live  child  was  bom  at  8  months  of  pregnancy.  Schwab 
draws  attention  to  the  difficulty  of  diagnosis  and  of  the  difficulty 
of  differentiating  from  appendicitis. 

Cathala**  in  a  clinical  and  pathologic  study  of  pyelonephritis  in 
pregnancy  states  that  there  are  two  main  causes :  ( i )  Predispos- 
ing cause,  the  lessened  resistance  of  the  pregnant  woman  to  bac- 
terial infection  and  the  retention  of  urine  from  compression  with 
its  associated  congestion.  (2)  Determining  cause,  the  penetra- 
tion of  the  infecting  organism  to  the  kidney.  He  divides  the 
clinical  course  into  two  periods:  that  of  onset,  in  which  there 
are  symptoms  of  general  infection ;  and  that  of  attack,  iii  which 
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t^^re  are  symptoms  of  chronic  suppurative  pyelonephritis.  He 
concludes  that  the  prognosis  for  the  child  is  bad,  for  if  pregnancy 
does  go  to  term,  the  infant  not  infrequently  is  of  small  size  and 
weak. 

Case  III. — Periuterine  thrombophlebitis  is  a  most  serious  con- 
dHi(»i  and  is  the  most  frequent  predisposing  cause  of  pulmonary 
embolism  and  sudden  death  in  pregnancy.  Grossman  in  a  study 
of  51  autopsies  upon  puerperal  women  dying  from  infection 
fofiind  periuterine  thrombophlebitis  alone  in  14  instances  and  as- 
SCKiated  with  lymphangitis  in  13  other  instances.  Other  veins  in 
addition  to  the  hypogastric  and  ovarian  were  involved  in  all  cases 
save  one ;  in  three  instances  the  vena  cava  was  also  included. 

Richter*'  lays  stress  upon  Mahler's  sign  ("  Kletter  symptom  "), 
the  rapid  beat  of  the  heart  due  to  extra  work  and  slight  degenera- 
tion. He  has  collected  results  from  16,000  cases  and  found  78 
cases  of  thrombosis  and  20  cases  of  embolism ;  of  the  last  60  per 
cent  were  fatal.  Mahler's  sign  was  found  in  98  per  cent  of  these 
cases. 

The  thrombosis  may  be  due  to  mechanical  causes,  but  is  more 
frequently  associated  with  infection.  The  initial  lesion  in  the 
case  reported  here  would  appear  to  be  the  infectious  process  in 
the  throat.  This  case  is  possibly,  therefore,  one  of  autoinfection. 
as  is  the  case  of  pyonephrosis. 

Case  IV. — Gonorrheal  infection  in  the  puerperium  has  been 
much  discussed  among  obstetricians  and  widely  divergent  opin- 
ions are  held  in  regard  to  its  incidence  and  its  influence  upon 
tissues  altered  by  pregnancy. 

Kronig's**  study  of  179  cases  of  puerperal  fever  showed  that 
J/,  gonorrhoeae  was  found  in  50  cases,  while  Williams^*  found 
the  organism  in  8  of  150  cases  of  puerperal  fever.  Vogel**  in  24 
cases  of  puerperal  fever  found  gonococci  4  times,  twice  in  pure 
culture  and  twice  in  association  with  streptococci.  Foulerton 
and  Bonney^*  examined  54  cases  with  negative  results.  Stone*^ 
and  myself,  in  a  study  of  53  selected  cases  of  pregnancy,  found 
the  gonococcus  in  17.     In  three  cases  labor  was  premature. 

Martin'*  kept  under  observation  13  cases  of  chronic  gonorrhea- 
during  labor  and  the  puerperium  and  in  none  of  these  were 
symptoms  observed  which  could  be  attributed  directly  to  the 
venereal  disease.  There  were  no  abortions,  although  in  one  case 
labor  was  hastened  by  an  acute  exacerbation  of  the  disease.  In 
four  cases  the  puerperium  was  practically  normal  and  in  the  re- 
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mainder  there  was  a  rise  of  temperature  coming  on  rather  late. 
This  the  author  considers  characteristic  of  the  disease. 

Lea,**  taking  acute  purulent  conjtmctivitis  in  the  infant  as  a 
proof  of  gonorrheal  infection  of  the  mother,  has  collected  50 
cases.  In  60  per  cent  there  was  an  imeventful  puerperium,  while 
40  per  cent,  had  more  or  less  acute  inflammation  of  the  pelvic  or- 
gans. Acute  purulent  endometritis  with  pyrexia  as  the  most  com- 
mon condition,  while  in  10  per  cent  acute  pelvic  peritonitis  ex- 
isted. All  the  patients  recovered  save  3,  who  were  also  infected 
with  the  streptococcus.  In  institutions,  however,  acute  puruloit 
conjunctivitis  in  the  child  is  not  a  just  criterion  of  the  frequency 
of  gonorrheal  infection  of  the  mother,  for  Holt*'  has  noted  the 
frequent  transmission  of  gonococcus  infection  among  infants 
that  are  segregated  in  hospitals. 

The  presence  of  a  mixed  infection  of  the  gonococcus  and  some 
other  organism  is  said  to  add  greatly  to  the  severity  of  the  infec- 
tion and  many  cases  have  been  reported  to  sustain  this  view. 
However,  the  severity  of  the  constitutional  symptoms  seems  to 
depend  more  upon  the  extent  of  the  anatomic  lesion  than  upon  the 
character  of  the  infection. 

Case  V. — Pneumococcic  puerperal  infection  is  an  extremely 
rare  condition  and  is  usually  an  infection  from  without.  Weichsd- 
baum,**  as  well  as  Bar  and  Tissier,*'  have  met  this  condition,  and 
Cohn  has  described  a  case  very  similar  to  the  one  here  reported. 
His  patient  after  abortion  developed  a  pneumococcic  endometritis 
and  later  a  fatal  meningitis.  Foulerton  and  Ronney"  also  report 
a  similar  postabortive  infection  from  pneumococcus  with  five 
other  cases  of  pneumococcus  infection  following  full  term  preg- 
nancies. They  conclude  that  the  grade  of  infection  is,  as  a  rule, 
not  severe  and  that  their  series  of  cases  cannot  be  taken  as  a  just 
indication  of  the  frequency  of  this  form  of  infection. 

Case  VI. — General  septicemia  is  not  an  infrequent  termination 
of  puerperal  infection.  The  clinical  course  is  usually  that  of  a 
rapidly  progressive  acute  infection  and  follows  the  same  course 
as  other  septicemias  not  of  puerperal  origin.  Streptococcus  infec- 
tion is  the  most  frequent  and  severe  type  of  infection  after  labor. 
If  the  number  of  cases  studied  by  Czemiewski,  Kronig,  Williams, 
Vogel  and  Foulerton  and  Bonney  be  collected,  it  is  found  that  of 
498  cases  in  which  the  contents  of  the  uterus  was  examined  bac- 
teriologically,  streptococci  were  present  in  200  (40  per  cent). 
While   streptococcus   is   so   frequent,   Staphylococcus  pyogenes 
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uureus  is  most  infrequent.  Foulerton  and  Bonney  found  this  or- 
ganism but  once  in  54  ca^s  and  it  is  but  infrequently  mentioned 
by  other  writers.  Staphylococcus  pyogenes  aureus  was  found 
in  two  of  the  six  cases  in  this  study ;  in  one  the  infection  was  of 
the  kidney  and  in  the  other  an  acute  general  infection  of  all  the 
cn-gans. 

Conclusions. 

A  consideration  of  these  six  cases  teaches  many  things  in  re- 
gard to  the  diagnosis  and  management  of  puerperal  infection  in 
the  more  advanced  stages  of  the  disease.  It  may  be  seen  that 
while  streptococcus  infection  is  usually  the  most  common  and 
severe  type  of  infection,  other  organisms  which  usually  produce 
clinically  mild  symptoms,  may  run  a  severe  course  and  cause 
death. 

Autoinfection  must  be  considered  to  include  infection 
from  foci  of  bacterial  disease  in  distinct  parts  of  the  body.  Preg- 
nant women  suffering  from  such  distant  infection  require  most 
watchful  care.  Autoinfection  from  the  genital  canal  is  probably 
more  common  than  is  generally  supposed.  This  is  indicated  in  a 
study  by  Bumm  and  Sigwart*'  of  the  bacteriology  of  the  secre- 
tions of  women  in  tlie  later  months  of  pregnancy.  The  strep- 
tococcus was  found  to  be  present  in  more  than  38  per  cent,  of  the 
cases  and  they  conclude  that  with  very  careful  examination  aero- 
bic streptococci  may  be  found  in  the  secretions  of  at  least  75  per 
cent  of  all  women  during  pregnancy  and  the  puerperium.  Of 
the  women  having  streptococci,  204  per  cent  had  fever. 

From  this  fact  it  may  be  seen  that  the  presence  of  pathogenic 
microorganisms  in  the  genital  canal  is  by  no  means  sufficient  evi- 
dence upon  which  to  base  a  diagnosis  of  puerperal  infection,  and 
even  when  combined  with  constitutional  disturbances  the  first 
step  only  has  been  taken  toward  the  proper  diagnosis  of  the  con- 
dition. The  term  puerperal  infection  should  be  broadened  to  in- 
clude infection  elsewhere  than  in  the  uterus,  and  the  location  and 
aature  of  such  lesions  should  be  recognized  before  any  operative 
measures  are  undertaken.  This  can  only  be  done  by  exact  phys- 
ical examination,  examination  of  urine,  blood,  etc.,  and  a  proper 
knowledge  of  the  varied  anatomic  manifestations  of  infection. 
The  frequency  with  which  pain  is  right-sided  in  hydronephrosis 
and  pyelitis  should  be  remembered  in  differentiating  the  diagnosis 
Jfom  appendicitis. 

The  utter  futility,  and  even  harmfulness,  of  curettement,  if  at- 
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tempted  in  such  cases  as  those  here  reported,  is  readily  seen ;  artd 
when  the  varied  character  and  oftentimes  widespread  distribtrtidrt 
of  puerperal  infection  are  considered,  the  explanation  for  the  high 
mortality  (over  70  per  cent)  of  hysterectomy  in  that  conditi<^ 
is  obvious. 
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A  NOTE  ON  EMBRYONIC  GLANDULAR  TUMORS  OF 
THE  KIDNEY  WITH  THE  REPORT  OF  A  CASE. 

By  H.  W.  CAREY.  M.  D., 

Instructor  in  Sursical  Pathology,  Albany  Medical  College,  and  Pathologist  to  the3amarit«n 

Hospital,  Troy.  N.  Y. 

(From  the  Bender  Laboratory,  Albany,  N.  Y.) 

In  1899  Birsch-Hirschfeld,  in  a  study  of  the  tumors  of  the  kid- 
ney, classified  as  embryonic  glandular  tumors  those  new  growth* 
which  formerly  had  been  termed  adenomyoma,  adetiosarconii 
and  adenomyosarcoma,  names  which  were  descriptive  of  the  tis- 
sues of  the  tumor  but  which  did  not  indicate  their  origin.  He 
proved  that  these  tumors  had  a  common  origin  in  embryonic  \\i6. 

Such  tumors  are  not  of  infrequent  occurrence,  forming  as  they 
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do  twenty-eight  per  cent,  in  Walker's  collection.  They  occur 
nearly  always  in  children;  only  two  cases  have  been  reported  in 
adults,  that  of  Hoisholt  in  a  male  of  eighteen  years  and  that 
of  Muus  in  a  female  of  thirty-four  years.  Their  growth  is  rapid 
and  they  metastasize  early  and  after  removal  generally  recur  in 
situ.  In  spite  of  their  malignant  nature  this  form  of  tumor  has 
attracted  very  little  attention  in  this  country,  for  from  1899  until 
the  present  time  I  have  found  only  one  reported  case,  that  of 
Blumer  in  1903. 

All  these  tumors  have  in  common  a  glandular  tissue  and  an 
embryonic  or  archiblastic  tissue  which  resembles  closely  that  of 
sarcoma.  In  addition  to  these  tissues  smooth  and  striated  muscle, 
cartilage,  fat  and  connective  tissue  are  commonly  present.  They 
grow  almost  without  exception  in  the  pelvis  or  medulla  of  the 
kidney  and  extend  outward  toward  the  cortex,  gradually  com- 
pressing the  kidney  tissue  until  it  forms  a  capsule  for  the  tumor. 
Metastases  develop  generally  by  way  of  the  blood  vessels  and  but 
rarely  by  way  of  the  lymphatics.  The  various  tissues  of  the  pri- 
mary growth  are  reproduced.  The  minute  structure  of  these 
tumors  varies  within  wide  limits,  owing  to  the  variable  propor- 
tion of  the  tissues  present. 

The  case  here  reported  occurred  in  the  practice  of  Dr.  Charles 
S.  Jennings  of  Detroit,  Mich. ;  no  clinical  notes  or  autopsy  report 
could  be  obtained. 

The  exact  dimensions  of  the  kidney  cannot  be  determined  be- 
cause the  specimen  has  been  sectioned  and  portions  removed. 
The  tumor  is  nearly  globular,  located  within  the  substance  of  the 
kidney  and  measures  3.5  cm.  in  diameter.  The  surface  is  fairly 
smooth  with  here  and  there  furrows  marking  definite  lobulations ; 
the  consistence  is  firm.  It  is  partially  surrounded  by  kidney  sub- 
stance which  forms  a  capsule  0.6  cm.  in  thickness  and  where  the 
kidney  tissue  ends  the  fibrous  capsule  continues  over  the  tumor. 

On  section  the  tumor  is  solid  and  of  fibrous  structure.  Definite 
masses  of  fibres  arranged  in  large  bundles  pass  in  various  direc- 
tions and  give  to  the  tumor  an  appearance  identical  with  that  of 
a  myoma  of  the  uterus. 

Attached  to  the  kidney  at  the  hilum  is  a  considerable  amount  of 
fibrous  tissue  in  thin  layers  suggesting  that  it  may  have  formed 
tfie  wall  of  a  large  cyst  the  contents  of  which  have  been  lost.  In 
this  tissue  are  some  smaller  cysts  containing  a  colloid-like  ma- 
terial and  numerous  large  blood  sinues.    The  exact  relationship 
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of  the  cysts  to  the  kidney  cannot  be  made  out  because  the  speci- 
men has  been  so  badly  torn. 

The  microscopic  appearance  of  the  parenchyma  of  the  kidney 
16  normal ;  there  is,  however,  on  the  outer  surface  of  the  capsule 
an  exudate  of  fibrin  and  polymorphonuclear  leucocytes  indicating 
a  perinephritic  infection. 

The  tumor  has  no  distinct  capsule  separating  it  from  the  kid- 
aey  substance  and  in  places  it  invades  the  kidney.  The  growth 
at  no  point  extends  beyond  the  capsule  of  the  kidney.  Its  finer 
structure  presents  a  much  more  ccnnplicated  picture  than  the 
gross  appearance  indicates.  Several  varieties  of  tissue  are  to  be 
considered,  as  follows : 

A. — Glandular  tissue  in  the  form  of  tubules  running  in  all 
directions,  appearing  in  longitudinal  and  cross  section.  These 
tubules  are  apparently  of  two  kinds — those  belonging  to  the  kid- 
ney which  have  been  enclosed  in  the  peripheral  parts  of  the  tumor, 
and  those  which  form  an  integral  part  of  the  growth.  This 
second  form  of  tubule  originates  in  the  youngest  portions  of  the 
growth  from  accumulations  of  small  rovmd  deeply  staining  cdls 
situated  in  and  derived  from  the  archiblastic  tissue.  The  glan- 
dular elements  are  small  in  amount  and  form  only  a  small  part 
of  the  tumor. 

B. — Embryonic  or  archiblastic  tissue  forms  a  considerable  por- 
tion of  the  tumor  and  represents  that  portion  which  is  growing 
most  rapidly.  In  appearance  it  closely  resembles  sarcomatous 
tissue ;  the  cells  are  large,  round  or  oval,  with  pale  staining  nuclei 
and  are  packed  closely  together  with  no  stroma.  It  is  in  this 
tissue  that  the  groups  of  small  roimd  cells  are  found  from  which 
the  tubules  are  developed.  Blood  spaces  are  very  numerous  in 
some  parts  of  this  tissue  so  that  it  resembles  angio-sarcoma 
closely.  At  the  hilum  this  tissue  forms  long  cylindrical  projec- 
tions which  rapidly  undergo  degenerative  changes.  In  the  more 
advanced  of  these  the  archiblastic  tissue  is  replaced  by  what  ap- 
pears to  be  fibrous  connective  tissue  often  mucoid  in  character. 
The  connective  tissue  at  the  periphery  rapidly  undergoes  hyaline 
degeneration  so  that  finally  the  cylinder  consists  of  a  central  axis 
of  mucoid  connective  tissue  surrounded  by  a  mass  of  homogene- 
ous hyaline-like  material.  Blood  vessels  are  very  numerous  in 
tfiese  projections,  while  glandular  elements  are  relatively  scarce. 
Several  dilated,  almost  cystic,  spaces  were  found  in  the  cylinders 
Hned  by  flattened  epithelium  which  suggests  that  probably  tlie 
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cysts  mentioned  in  the  gross  description  were  formed  in  this  way 
from  the  tubules. 

In  the  absence  of  any  autopsy  record  the  presence  of  metas- 
tases was  not  determined. 

In  reconstructing  the  tumor  from  the  individual  tissues  that 
bave  been  described  we  find  that  the  smooth  muscle  represents 
the  oldest  portion  and  is  located  in  the  substance  of  the  kidney 
growing  into  it  and  enclosing  tubules  and  glomeruli.  For  this 
reason  tubules  and  glomeruli  are  found  in  the  myomatous  portion 
of  the  tirnior. 

The  archiblastic  and  glandular  tissue  represent  the  youngest 
and  most  rapidly  growing  portion  of  the  tumor  and  is  always 
found  at  a  distance  from  the  kidney.  It  extends  into  the  fibrous 
tissue  at  the  hilum  in  the  form  of  cylinders  as  described  above. 
The  cartilage  fat  and  connective  tissues  are  very  scanty  in  amount 
and  are  found  near  the  archiblastic  tissue. 

From  this  description  it  is  clear  that  this  tumor  began  its 
growth  within  the  kidney,  probaUy  near  the  hilum,  that  it  is  of 
congenital  origin  and  that  it  must  be  classed  as  a  mixed  tumor, 
belonging  to  the  group  classified  by  Birsch-Hirschfeld  as  embry- 
onic glandular  tumors. 

The  method  of  development  of  these  tumors  has  been  the  sub- 
ject of  much  controversy  and  several  theories  have  been  advanced 
which  for  the  convenience  of  description  may  be  divided  into 
two  groups. 

A, —  The  development  of  the  tumor  from  cells  within  the  kid- 
ney.  The  older  view  that  these  tumors  should  be  clashed  as 
primary  carcinomata  or  sarcomata  of  the  kidney  is  no  longer 
considered  correct.  A  carcinoma  develops  from  fully  developed 
epithelial  cells  in  an  adult  organ,  whereas  these  tumors  are  found 
almost  exclusively  in  very  young  children  and  metastasize  by  way 
of  the  blood  vessels.  To  be  classed  as  sarcoma  it  must  be  as- 
sumed that  the  glandular  tissue  has  sprung  from  kidney  tubules, 
which  is  not  the  case,  as  has  been  seen  in  the  ttmior  just  de- 
scribed. The  tubules  are  an  integral  part  of  the  timior  and  take 
an  active  part  in  its  growth. 

The  more  recent  view  that  these  mixed  tumors  have  their 
origin  in  tissues  present  in  the  kidney  of  the  embryo  is  supported 
by  Busse  and  Muus.  The  former  found,  in  a  foetal  kidney,  tis- 
sues which  closely  resemUe  those  occurring  in  these  tumors  and 
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he  is  convinced  that  the  tumors  take  their  origin  from  such 
tissues. 

Muus  believes  that  a  portion  of  the  embryonic  kidney  takes  on 
a  pathological  growth  and  so  forms  a  tumor.  The  various  tis- 
sues of  the  ttunor  are  supposed  to  originate  by  metaplasia  from 
the  tissues  of  the  embryonic  kidney,  thus  sarcoma-like  tissue  from 
round  cells,  epithelium  from  the  interstitial  tissue,  mucoid  tissue, 
cartilage  and  fat  from  connective  tissue,  smooth  muscle  from  tftat 
normally  present  in  the  kidney,  striated  muscle  from  smooth 
muscle. 

B. — The  theory  that  the  tumors  originate  from  embryonic  cells 
outside  the  kidney  but  enclosed  during  development.  This  view 
is  strongly  supported  and  was  originally  advanced  by  Birsch- 
Hifschfeld,  who  believes  that  a  portion  of  the  Wolffian  body  in 
the  embryo  in  some  way  becomes  enclosed  in  the  developing  kid- 
ney and  forms  the  starting  point  of  the  tumor.  Vogler,  Merkel, 
Heincke,  Sander  and  Blaess  also  accept  this  view.  Wilms  calls 
attention  to  the  fact  that  the  Wolffian  body  contains  no  striated 
muscle  and  that  none  is  present  in  any  of  the  organs  developing 
from  it.  The  metastases  furthermore  contain  all  the  varieties  of 
tissue  found  in  the  main  tumor,  so  that  a  metastasis  of  cells  repre- 
senting all  these  tissues  is  unlikely.  He  concludes  from  this  that 
the  origin  of  the  tumors  must  be  placed  at  a  much  earlier  period 
of  embryonic  development  when  the  cells  are  undifferentiated, 
that  is,  germinal  tissue  cells  which  in  their  later  develc^ment  are 
capable  of  forming  all  these  various  tissues. 

These  cells  might  be  misplaced  at  the  time  when  the  primitive 
segment  and  lateral  plates  are  formed  from  the  middle  germinal 
layer.  The  striated  muscle  develops  from  the  myotom  of  the 
primitive  segment  from  which  all  the  striated  muscles  of  this 
region  develop.  The  smooth  muscle,  fat,  connective  tissue  and 
cartilage  originate  from  the  scleratom  of  the  lateral  plates  while 
the  epithelium  originates  from  the  nephrotom  (Wolffian  body). 

If  a  small  portion  of  these  structures  become  misplaced  and 
take  on  a  pathological  growth  it  would  readily  explain  the  vari- 
ous tissues  found  in  these  tumors. 

The  presence  of  cysts  in  association  with  these  tumors  has  not 
been  mentioned  so  far  as  can  be  found  in  the  literature.  The 
formation  of  the  cysts  in  the  tumor  here  described  seems  to  have 
taken  place  either  by  haemorrhage  and  degeneration  in  the  archl- 
Uastic  tissue  or  in  a  gfradual  dilatation  of  the  tubules.    This  view 
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tends  support  to  the  theory  already  generally  accepted  that  cysts 
of  embryonic  origin  result  from  misplaced  mesodermal  tissue. 
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TUBERCULOSIS    OF    AN    ADENOMYOMA    OF    THE 

UTERUS* 
By  J.  L.  ARCHAMBAULT,  M.  D. 

.WITH  A  PATHOLOGIC  REPORT 
By  RICHARD  M.  PEARCE,  M.  D. 

{From  tht  Binder  Laboratory,  Albany,  N.  Y.) 

That  tumors  in  general  are  not  subject  to  invasion  by  bacteria, 
other  than  those  of  the  pyogenic  group,  is  well  known.  The 
simultaneous  occurrence  of  carcinoma  and  tuberculosis  in  an 
organ  or  tissue  is  occasionally  reported,  but  the  invasion  of  other 
tumors  by  the  tubercle  bacillus 'is  very  unusual.  This  is  es- 
pecially true  of  uterine  myomata  which  are  seldom  involved  in 
even  the  most  extensive  tuberculous  infections  of  the  adjacent 
mucosa.    The  case  here  reported  is  of  interest  not  merely  on  ac- 

*Read  in  the  Section  on  Pathology  and  Physiology  of  the  American  Medical  Associa- 
tion, at  the  Pifty-seventh.  Annual  Session.  June,  1906.  Published  also  in  Jour.  Amer 
Med.  AmOc..  X906.  xlvH,  768. 
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count  of  the  rarity  of  the  condition,  but  also  because  of  the 
absence  of  tuberculosis  in  the  mucosa  of  the  general  uterine  cavity 
with  but  a  slight  lesion  in  one  tube.  The  tuberculosis  of  the 
myoma  and  that  of  the  tube  were  secondary  to  tuberculosis  of  the 
lung,  but  apparently  independent  of  one  another  and  due  to  in- 
fection through  the  blood  stream.  As  a  fairly  exhaustive  review 
of  the  literature  fails  to  reveal  an  analogous  condition  our  obser- 
vation appears  to  be  worthy  of  record.    A  detailed  report  follows : 

Clinical  History. — H.  £.,  aged  20,  an  only  child,  unmarried,  was  ad- 
mitted to  the  Cohoes  Hospital,  January  lo,  1906.  Her  family  history 
offers  several  points  worthy  of  note.  Her  mother  presents  evidence 
of  tabes  and  her  father  died  at  forty-six  of  a  valvular  lesion  of  the 
keart  which  formed  part  of  the  plainly  luetic  condition.  Her  grand- 
father, on  the  mother's  side,  had  syphilis,  and  the  grandmother  suc- 
cumbed to  general  paralysis.    There  is  no  direct  tuberculous  heredity. 

Personal  History. — The  patient  had  measles  in  early  childhood  and 
showed  some  indications  of  hereditary  syphilis,  viz.:  A  slowly^healing 
ulcer  of  right  leg  and  a  nose  of  the  saddle  type. 

Menstruation  beginning  at  sixteen,  has  always  becto  very  scanty,  irregu- 
lar and  tardy,  with  occasional  amenorrhea  for  periods  of  five  to  six 
months.  An  epis taxis,  apparently  vicarious,  had  been  frequent  Men- 
struation, at  first  painless,  later  became  more  difficult.  At  no  time  had 
there  been  leucorrhea.  Dec.  14,  1904,  a  pelvic  examination  showed  the 
uterus  to  be  very  small,  of  the  infantile  type,  and  lying  in  a  moderate 
degree  of  retrodeviation,  with  some  tenderness  in  the  region  of  the  left 
ovary. 

July  30,  1904,  the  patient  had  a  sudden  attack  of  hemoptysis.  A  care- 
ful physical  examination  gave  evidence  of  a  localized  adhesive  pleuritis 
of  the  left  apex,  overlying  an  area  of  tuberculosis,  involving  a  con- 
siderable part  of  the  apex  and  extending  down  and  outward  toward  the 
axillary  line.  After  a  sojourn  at  the  seashore  and  in  the  mountains 
she  was  considerably  improved  in  general  health,  while  the  physical 
signs  had  manifestly  retroceded  and  in  part  entirely  disappeared.  The 
following  winter  (1904)  was  passed  in  the  mountains  and  she  returned 
in  April  still  more  improved.  July  15,  1905,  she  had  a  second  veiy 
slight  hemoptysis,  but  improved  rapidly,  gaining  by  November  13,  twenty- 
nine  pounds. 

Present  Illness. — Abruptly,  about  November  21,  she  began  to  complain 
of  soreness  and  pain  in  the  hypogastric  region.  The  pain  was  dull  in 
character,  intermittent,  returning  especially  in  the  latter  part  of  the  day, 
and  exaggerated  by  fatigue  and  standing.  The  patient  had  not  men- 
struated in  five  months.  As  the  pain  continued  unabated  for  a  week, 
without  any  appearance  of  the  menstrual  flow,  she  was  advised  to 
return  home.  On  bimanual  examination,  the  cervix  was  found  deviated 
toward  the  pubes  and  the  Douglas  cul-de-sac  occupied  by  the  enlarged 
fundus  of  the  retroverted  uterus.  The  fundus  gave  the  sensation  of  a 
firm  mass  of  about  the  size  of  a  mandarin  and  somewhat  irregular  in 
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shape,  being  larger  on  the  left,  and  very  slightly  movable.  Tlie  left 
lateral  cul-de-sac  was  also  occupied  by  another  swelling  less  firm  and 
less  voluminous,  having  neither  the  fibromatous  woody  feeling  of  the 
main  tumor  nor  the  fluctuation  of  a  cyst;  this  second  enlargement  seemed 
almost  contiguous  with  the  uterine  body.  The  condition  of  the  right 
adnexa  could  not  be  defined.  These  conditions  were  not  present  at  the 
previous  examination,  eleven  months  before. 

At  this  stage,  the  pulmonary  condition  presented  a  marked  change. 
While  no  advancement  of  the  disease  was  evident  in  the  left  apex  and 
the  corresponding  axillary  region,  two  new  foci'  had  appeared;  one  ia 
the  left  base  posteriorly  and  the  other  in  the  right  interscapular  space, 
close  to  the  spinal  coltunn. 

December  15,  menstruation  occurred  and  lasted  five  days.  After  a 
few  days  interruption,  there  was  again  some  slight  bloody  discharge. 
This  discharge  kept  on  thereafter,  more  or  less  irregularly,  until  tiie 
time  of  operation.  The  pains  became  gradually  more  intense,  finally 
requiring  the  daily  use  of  some  sedative  for  their  control. 

January  5,  the  size  of  the  pelvic  mass  was  considered  to  have  increased 
materially.  On  that  same  date,  a  few  tubercle  bacilli  with  a  great  num- 
ber of  diplococci  and  streptococci  were  foimd  in  the  sputum.  Three 
previous  examinations  of  the  sputum  had  been  negative. 

Much  concern  was  naurally  entertained  as  to  the  exact  nature 
of  the  uterine  condition.  The  first  diagnosis  was  simply  one  of 
a  solid  tumor,  probably  a  fibromyoma,  occupying  the  posterior 
wall  of  the  uterus.  A  closer  study,  however,  of  all  the  evidence 
suggested  the  possibility  of  a  tuberculous  lesion  of  the  uterus, 
and  this  possibility  was  carefully  explained  to  the  family. 

Of  course,  on  account  of  their  rare  occurrence,  the  diagnosis 
of  any  of  the  pelvic  forms  of  tuberculosis  is  seldom  made  until 
the  abdomen  is  opened,  and  even  then  not  infrequently  only  after 
the  specimen  is  in  the  hands  of  the  pathologist.  Uterine  tuber- 
culosis has  no  well-defined  symptomatology.  In  the  present 
instance,  if  a  probable  diagnosis  of  a  tuberculous  condition  of 
the  uterine  growth  was  arrived  at  before  operation,  it  is  will- 
ingly conceded  that  we  expected  to  find  as  well  a  similar  condi- 
tion of  the  adnexa  and  of  the  peritoneum;  that  is,  a  general 
abdominal  tuberculosis.  In  holding  this  view,  we  were  influ- 
enced by  the  existing  pulmonary  condition  and  by  abdominal 
symptoms  which  predominated  especially  during  the  very  last 
weeks.  When  the  abdomen  was  opened,  it  was  a  surprise, 
therefore,  to  find  that,  aside  from  numerous  and  extensive  adhe- 
sions of  an  inflammator}'  nature,  the  general  as  well  as  the  pelvic 
peritoneum  was  free  from  tuberculosis. 
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Surgical  Report. — ^January  11,  laparotomy;  medimn  indsioo  nine  oenti- 
meters  long.  A  coil  of  small  intestine  was  fomid  drawn  down  into  tine 
^vis  and  firmly  adherent  close  to  the  right  uterine  comu,  evidently 
accounting  for  Uie  pain  in  the  abdomen  which  bad  been  so  striking  a 
ieatnre.  Both  ovaries  were  fibrocystic  The  uterine  body,  enlarged  U> 
the  size  of  an  orange,  lay  deeply  in  Douglas'  cul-de-sac  and  was  ao 
matted  up  in  adhesions  that  a  subtotal  hysterectomy  was  perfonnad. 
The  appendix  was  inspected  and,  being  healthy,  was  left  undisturbed. 

Convalescence  was  uneventful,  and  the  patient  reported  April  16,  that 
she  had  gained  ten  pounds  in  weight  and  was  in  the  best  of  health. 

Pathologic  Report  By  Dr.  Richard  M.  Pbarce. 

Gross  Description. — ^The  specimen  consists  of  a  uterus  with  its  append- 
ages. The  former  is  exceedingly  firm  and  almost  globular  in  shape, 
measuring  17.5  cm.  in  circumference  just  below  the  level  of  the  attach- 
ment of  the  Fallopian  tubes  and  19.5  cm.  over  fundus  and  cervix.  The 
cervix  protrudes  beyond  the  globular  body  as  a  short,  thin,  circular 
process,  0.8  cm.  long  and  with  walls  04  cm.  thick.  Its  edges  are  smooth, 
rounded  and  grayish-white  in  color.  The  peritoneal  surfaces  are  covered 
more  or  less  uniformly  by  coarse  fibrous  adhesions.  On  section  the  entire 
length  of  the  uterus  from  cervix  to  fundus  is  6.8  cm.,  the  greatest  Uiick- 
ness,  antero-posteriorly,  5  cm.  The  body  itself  is  6  cm.  in  length.  The 
anterior  wall  is  normal  in  appearance,  though  slightly  thickened,  and 
measures  1.4  cm.  at  the  mid  portion  of  the  uterine  cavity.  The  fundus 
is  1.7  cm.  in  thickness.  The  posterior  wall  is  occupied  by  a  gk>bular 
mass  extending  from  the  median  line  of  the  fundus  to  the  internal  ori- 
fice of  the  cervix  (5.2  cm.)  and  laterally  from  the  peritoneum  to  the 
uterine  cavity  (4  cm.).  This  mass  is  composed  of  firm,  dense,  gra3ri8h- 
white  tissue  having  a  whorl-like  appearance  and  resembling  the  structure 
of  myoma  in  a  general  way,  but  riddled  everywhere  by  cavities  varying 
from  those  miliary  in  size  to  those  0.5  cm.  in  diameter.  From  these 
cavities  escapes  a  thick,  yellow,  more  or  less  tenacious  pus.  The  walls 
of  the  larger  cavities,  after  the  escape  of  the  fluid  pus,  are  seen  to 
be  lined  by  a  yellow,  soft  granular  material,  suggestive  of  caseation. 
These  areas  extend  to  within  two  millimeters  of  the  peritoneal  surface 
and  toward  the  median  line  approach  and  apparently  involve  the  mucosa. 
The  cervix  is  not  involved.  The  uterine  canal  is  4.7  cm.  long,  1.2  cm. 
of  which  is  cervical.  It  is  greatly  narrowed  and  2  cm.  below  the  fundus 
is  almost  entirely  obliterated.  In  or  beneath  the  mucosa  covering  the 
lower  portion  of  the  tumor  are  numerous  closely-set,  fine,  yellowish 
miliary  areas.  These  do  not  involve  the  mucosa  of  the  anterior  wall 
nor  that  of  the  cervix. 

The  tubes  and  areas  arc  atrophied.  The  left  tube  and  ovary  are 
bound  to  the  uterus  by  fibrous  adhesions;  the  right  is  free  and  has  a 
smooth  peritoneal  covering.    Each  ovary  contains  a  few  small  cysts. 

Bacteriology. — Cover  glass  preparations  of  material  from  the  cavities 
in  the  tumor,  stained  by  methylene  blue,  show  pus  cells  which  take 
the  stain   well,  many  poorly^staining  necrotic   cells,  and   much   granular 
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ictfitiis  but  no  micro-organisms.    Attempts  to  demonstrate  the  tubercle 
bacillus  and  the  gonococcus  are  negative. 
Agar,  blood  serum  and  hydrocele-agar  tubes  are  sterile  after  72  hours. 

Histologic  Dbscription. 

Sections  Passing  Through  Uterine  Wall  and  Tumor— The  greater 
portion  of  such  show  a  diffuse  tuberculous  process  in  a  tissue  composed 
of  smooth  muscle  fibers  and  containing  widely  scattered  tubular  glands. 
The  uterine  wall  proper,  measured  beneath  the  cover  glass,  is  3  mm. 
in  thickness.  No  tubercles  are  present  in  the  slightly  thickened  peri- 
looeal  covering,  but  between  it  and  the  musculature  small  tubercles 
arc  occasionally  seen.  In  the  muscle  itself,  which  contains  an  increase 
of  connective  tissue,  are  a  few  well-developed  tubercles  with  caseous  cen- 
ters. About  the  blood  vessels  are  numerous  lymphoid  cells.  The  line 
between  the  normal  uterine  musculature  and  the  tumor  in  the  upper 
portion  of  the  uterus  is  intact,  but  in  the  submucosa  are  irregular  ac- 
cumulations of  lymphoid  cells.  At  a  point  where  the  definite  arrange- 
ment of  the  musculature  ceases  there  is  an  abrupt  transition  to  diffuse 
tuberculous  tissue  containing  numerous  giant  cells  and  characterized  by 
extensive  caseation;  few  typical  tubercles  can  be  seen.  In  the  midst  of 
this  are  found  here  and  there  isolated  areas  of  smooth  muscle,  contain- 
ing tubular  glands.  These  latter  are  lined  for  the  most  part  by  several 
layers  of  cylindrical  cells,  of  the  type  found  in  the  uterine  glands,  but  are 
tortuous  and  show  more  or  less  irregular  dilations.  They  are  not  infre- 
quently arranged  in  clusters  and  have  branching  prolongations  with  but  a 
single  layer  of  epithelium.  In  the  masses  of  muscle  a  moderate  amount 
of  connective  tissue  is  present  and  also  a  slight  infiltration  of  lymphoid 
cells.  The  glands  are  found  throughout  the  new  tissue,  even  at  a  dis- 
tance of  2  cm.  from  the  uterine  wall  and  have  no  relation  to  those  of 
the  mucosa.  There  is  no  evidence  that  the  channel  of  the  tuberculosis 
infection  was  along  these  glands. 

Sections  taken  at  three  levels  and  passing  through  entire  wall  of  ap- 
parently normal  portions  of  uterus  opposite  tumor  show  no  evidence  of 
tuberculosis.  The  mucosa  in  each  is  normal.  A  section  through  the 
cervix  shows  no  lesions. 

A  section  across  the  entire  uterine  canal  at  a  point  of  greatest  con- 
striction shows  partial  obliteration,  but  no  tuberculosis  of  the  mucosa. 
The  lumen  at  this  point  contains  a  small  plug  composed  of  mucus,  leu- 
cocytes and  desquamated  epithelial  cells. 

Right  Fallopian  Tube. — The  mucosa  is  entirely  destroyed.  The  surface 
is  a  chronic  granulation  tissue  with,  in  its  deeper  layers,  more  or  less  newly 
formed  fibrous  tissue.  Epithelioid  cells  are  not  abundant  and  are  very 
diffusely  arranged.  But  one  definite  tubercle  with  typical  giant  cell  is 
seen.  An  occasional  oval  fibrous  and  hyaline  area  is  suggestive  of  healed 
tubercle,  as  are  also  a  few  small  foci  of  lime  salts.  In  the  deeper  layers 
of  the  muscle  coat  are  accumulations  of  lymphoid  cells  and  old  blood 
pigment,  but  no  tubercles. 

The  left  Fallopian  tube  is  atrophied,  but  otherwise  not  noteworthy.    The 
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OTaries  are  fibfxxts  and  contain  a  few  small  cysts,  but  shofw  no  evidence 
of   tuberculosis. 

Careful  examination  of  the  peritoneal  surfaces  of  the  uterus,  tubes  aad 
OTaries  fails  to  reveal  lesions  of  tuberculosis. 

Pathologic  Diagnosis. 
Tuberculosis  of  an  adenomyoma  of  the  uterus.     Tuberculosis  of  right 
Fallopian  tube.    Atrophy  of  ovaries  and  Fallopian  tubes.    Chronic  peri- 
metritis and  perisalpingitis. 

Remarks. 

As  already  stated,  we  have  made  a  search,  although  not 
exhaustive,  of  the  medical  literature  for  analc^fous  cases,  but 
have  failed  to  find  such. 

Qosdy  resembling  the  case  here  reported,  however,  is  one 
observed  at  the  gynecologic  clinic  of  Zurich  by  C.  Bole  (du 
Locle).^    A  summary  of  this  case  reads  as  follows: 

History. — Woman,  aged  50;  heredo-tuberculosis ;  menstruation  at  thir- 
teen; leucorrhea.  Patient  married  twice,  no  children.  Dysmenorrhea 
and  loss  of  strength. 

Present  State, — Uterus  anteflexed,  n-ovable,  slightly  tender  on  pressure 
and  about  the  size  of  a  child's  head  in  volume. 

Diagnosis. — Uterine  myoma. 

Laparotomy.-^Total  hysterectomy  after  Freund's  method.  The  tumor, 
when  extirpated,  is  twice  as  large  as  one's  fist  The  macroscopic  and 
microscopic  examination  showed  that  it  was  a  rare  case  of  myoma  as- 
sociated with  an  ascending  uterotubal  tuberculosis.  The  vaginal  mucosa 
was  not  involved,  and  the  etiology  could  not  be  determined. 

This  case,  however,  is  not  identical  with  the  one  here  reported. 
The  ttunor  is  intramural,  but  the  tuberculosis  is  spoken  of  as 
an  ascending  uterotubal  infection,  and  the  myoma  as  associated 
with  it.  From  this  it  may  be  inferred  that  the  mucosa  alone 
was  involved  in  the  tuberculous  process.  This  inference  als<» 
finds  support  in  the  statement  that  the  histologic  researches  bore 
only  on  "  the  superficial  portions,  in  a  state  of  necrosis."  Thtis 
it  would  appear  from  these  comparisons  that  our  case  might 
indeed,  deserve  to  be  considered  as  unique. 

Kelly*  states  that  "  tuberculosis  of  the  endometrium  is  exceed- 
ingly rare  as  complication  in  the  large  myomatous  uterus."  He 
has  met  but  one  case,  and  in  this  the  disease  had  extended  inta 
both  tubes. 

A  last  point  not  to  be  overlooked  is  the  mode  of  infection  or 
of  transmission  to  the  uterine  parenchyma. 

>GeiuDkolofia  Helvetica,  1903,  p.  99. 
•"Operative  Gynecology."  vol.  ii.  p.  381. 
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As  regards  the  pathogenesis  of  the  local  lesions  in  our  case, 
it  seems  very  plausible  that  the  adenomyoma  constituted  the 
primary  lesion  and  that  the  tuberculous  infection  occurred  sec- 
ondarily. But  how  did  this  infection  take  place?  How  in  this 
particular  case  was  it  transmitted  from  the  lungs? 

From  the  clinical  history  and. from  the  findings  at  the  time 
of  the  operation  it  seems  fair  to  believe  that  the  propagation  of 
the  lesions  to  the  uterine  tissue  took  place  through  the  blood 
current,  and  in  a  similar  manner,  to  the  only  tube  involved. 

Infection  by  means  of  the  blood  stream  seems  to  be  well 
supported  by  the  conclusions  of  M.  SchakoflF,'  which  may  be 
given  as  follows: 

Genital  tuberculosis  in  women  is  generally  secondary  to  a 
florid  or  latent  tuberculosis  of  the  lungs  or  of  the  peribronchial 
lymph  nodes,  less  frequently  to  an  intestinal  tuberculosis.  The 
genital  tuberculosis  is  generally  propagated  by  the  blood  stream, 
except  in  the  case  of  vaginal  tuberculosis,  which  may  proceed 
from  inoculation  by  contact. 

Tuberculous  peritonitis  occurs  frequently  during  the  evolution 
of  a  genital  tuberculosis,  especially  after  a  tuberculous  salpin- 
gitis. Any  portion  of  the  genital  tract  may  be  aflFected ;  the  tube 
is  involved  more  frequently,  the  vagina  less  often.  These  inocu- 
lations take  place  by  the  blood  stream;  therefrom  the  uterus  or 
the  ovary  may  become  infected  by  contiguity.  Generally  the 
uterus  is  infected  by  descending  contagion ;  it  may,  however,  be 
involved  in  the  first  place.  A  pre-existing  disease  and  the  puer- 
peral state  may  act  as  predisposing  causes.  The  uterine  cervix 
is  rarely  the  seat  of  tuberculosis.  The  tuberculosis  of  the  ovary 
is  almost  always  consecutive  to  a  tuberculosis  of  the  Fallopian 
tube,  of  the  peritoneum,  or  of  the  rectum ;  the  propagation  occurs 
by  contiguity  or  by  way  of  adhesions.  Independent  foci  may, 
however,  be  found  in  the  ovary  without  any  lesions  of  the  sur- 
roimding  structures;  in  such  cases  these  foci  have  been  set  up 
by  the  blood  stream. 

In  the  above  conclusions,  the  two  points  of  practical  bearing 
on  our  case  are:  i.  Genital  tuberculosis  in  women  is  generally 
secondary  to  pulmonary  tuberculosis.  2.  In  tuberculosis  of  the 
uterus  or  of  the  ovary,  when  the  tuberculous  lesions  are  found 
as  independent  foci  without  lesions  of  the  surrounding  structures, 

***Contribations  to   the  Knowledjte  of  Tuberculosis  of  the   Female  Genital   Organs," 
Qynkk.  Helvet.,  1004.  p.  139. 
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the  inoculation  has  taken  place  by  the  blood  current  That  the 
latter  would  appear  to  be  the  case  is  indicated  by  the  absence  of 
tuberculosis  in  the  mucosa,  not  only  of  the  uterine  cavity  gener- 
ally, but  also  in  that  covering  the  tumor  itself.  It  is  possible 
that  alterations  in  the  blood  supply  of  the  tumor  caused  a  condi- 
tion of  degeneration  or  necrosis  constituting  a  locus  minoris 
resistentUB  and  a  point  of  selection  for  tubercle  bacilli  reaching 
these  areas  through  the  blood  stream. 


A  REPORT  OF  FOUR  INSTANCES  IN  WHICH  GIANT 
CELLS  OCCURRED  IN  UNUSUAL  SITUATIONS, 

With  a  Brief  Review  of  the  Literature  of  Giant-Cell 

Formation. 

By  nelson  K.  FROMM, 

Albany  Medical  College. 
(From  A§  Bender  Laboratory,  ABKmy.N.  Y.) 

The  object  of  this  communication  is  to  report  four  instances 
in  which  giant  cells  occurred  in  unusual  situations  and  to  bring 
together  in  this  connection  some  of  the  more  important  literature 
relating  to  giant-cell  formation. 

Accordingly  to  the  circumstances  under  which  giant  cells  are  founds 
we  are  accustomed  to  recognize  three  main  groups:  the  myeloid  type 
occurring  in  normal  bone  marrow  and  in  sarcoma,  the  Langhans  giant 
cell,  characteristic  of  tuberculosis,  and  the  foreign  body  giant  cell.  Upon 
morphological  grounds,  however,  the  latter  two  groups  might  be  brought 
on  account  of  the  mural  arrangement,  in  most  cases,  of  their  nuclei, 
into  a  single  group,  as  distinct  from  the  myeloid  type,  in  which  the 
nuclei  are  distributed  irregularly  throughout  the  cell.  While  finally,  if 
function  is  considered,  it  is  evident  that  all  may  be  brought  in  a  single 
group:  that  of  cells  having  a  destructive  action  more  or  less  analogous 
to  that  of  phagocytic  cells.  This  function  of  the  myeloid  giant  cells  of 
the  bone  marrow,  also  known  as  "myeloplaxes"  (Ziegler)  and  osteoclasts 
is  well  recognized,  as  it  is  also  of  the  general  group  of  multinucleated 
cells  found  about  a  great  variety  of  foreign  particles  and  the  remains  of 
tissue  destruction.  Concerning  the  Langhans  type,  although  the  evidence 
is  not  so  clear,  there  is  much  to  indicate  that  they  may  have  a  similar 
function. 

Despite  the  fact  that  much  has  been  written  concerning  the  origin  and 
nature  of  giant  cells,  there  is  little  uniformity  of  opinion.  The  type 
of  giant  cells  which  has  aroused  the  greatest  interest  and  discus- 
sion, in  this  regard,  are  those  occurring  in  the  lesions  due  to  the  tubercle 
bacillus. 
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In  regard  to  the  formation  of  these  cells,  we  have  two  principal  views : 
that  of  the  French  school,  led  by  Metchnikoff,  and  that  of  the  German 
school,  consisting  of  Weigert  and  his  adherents,  among  whom  are, 
Baqmgarten,  Marchand  and  Klebs.  Both  schools  hold  that  the  giant 
cells  develop  from  large  formative  cells,  but  there  is  a  difference  of 
opinion  as  to  the  nature  of  the  cells.  Metchnikoff  claims  that  they  are 
of  ]eucoc3rtic  parentage,  while  Weigert  thinks  they  S4>ring  from  connective 
tiflsue  or  endothelial  cells.  Again  their  method  of  development  gives 
rise  to  differing  views.  Some  authorities  hold  that  the  individual  cells, 
from  which  the  giant  cells  develop,  group  themselves  around  masses  of 
btcilli  and  become  fused,  without  division  of  their  nuclei.  Opposed  to 
this  is  the  view  of  Weigert,  who  thinks  that  they  are  formed  by  amito- 
tic or  direct  division  of  a  single  nucleus  and  cell.  Metchnikoff  states  that 
giant  cells  thus  formed  have  ameboid  movements  and  are  phagocytic,  in 
that  they  digest  and  otherwise  remove  the  tubercle  bacilli.  On  the  other 
hand  we  have  positive  assertions  that  the  multinucleated  masses  possess 
neither  ameboid  nor  phagocytic  qualities.  The  difficulty  does  not  end 
here,  for  different  views  are  also  held  in  regard  to  the  nature  of  the 
cellular  cytoplasm.  Weigert  and  his  associates  insist  that  the  central 
cytoplasm  is  in  the  process  of  necrosis,  the  nuclei  being  placed  in  the 
more  vital  parts  of  the  cell.  Metchnikoff  thinks  that  the  centre  of  the 
cell,  although  appearing  necrotic,  is  especially  active,  the  nuclei  being 
grouped  in  the  less  active  parts.  In  other  words  it  is  Metchnikoff's 
opinion  that  the  giant  cells  of  tuberculosis  are  living  and  defensive  cel- 
lular masses,  while  Weigert  is  convinced  that  they  are  the  seat  of  a 
progressive  necrosis   and  are  without  function. 

Koch  is  one  of  the  few  Germans  whose  views  do  not  differ  in  ever}' 
respect  from  those  of  Metchnikoff.  He  regards  the  giant  cells  as  being 
permanent  structures  possessed  of  more  vitality  than  the  bacilli  which 
they  contain ;  he  says  he  has  seen  many  cells  containing  degenerated  forms 
of  bacilli,  which  he  contends  have  been  destroyed  by  the  cellular  proto- 
plasm. He  thinks  that  the  tubercle  bacillus  on  its  entrance  into  the 
organism  is  first  attacked  by  the  "microphages"  or  polymorphonuclear 
leucocytes;  these  are  later  joined  by  the  "macrophages"  which  develop 
into  epithelioid  cells  and  which  in  turn  form  giant  cells.  In  experimental 
tuberculosis  he  found  giant  cells  containing  bacilli,  which  from  their  stain- 
ing characteristics  and  morphology,  were  evidently  degenerated  forms; 
this  degeneration  being  due  to  changes  brought  about  by  the  cells  con- 
taining them.  Miller  is  also  convinced  that  the  included  bacilli  undergo 
degeneration,  for  the  reason  that  he  has  seen  many  of  them  colored 
black  with  osmic  acid.  Shiippel  and  Ziegler  found  various  concentric, 
lamellated,  calcareous,  concretions  in  the  interior  of  tubercle  giant  cells. 
These  formations  Metchnikoff  regards  as  the  result  of  the  calcification 
of  the  tubercle  bacillus  in  the  interior  of  the  cells,  and  a  step  in  the 
process  of  the  reaction  of  the  giant  cell  against  the  contained  bacillus. 

Stschastny  and  Welcker  also  found  degenerated  forms  of  the  tubercle 
bacillus  in  giant  cells  in  experimental  tuberculosis  of  the  rabbit  and 
guinea  pig.  Unna  disagrees  with  Metchnikoff's  view,  that  degeneration 
of  the  included  bacilli  is  an  indication  of  the  phagocytic  power  of  the 
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enveloping  cell.  He  attributes  this  degeneration  to  the  poisonous  agent 
which  has  paralyzed  the  affected  parts  of  the  cell,  and  not  to  any  activitf 
of  the  giant  celf  itself. 

Weigcrt,  in  direct  opposition  to  Metchnikoff,  Stschastny  and  Welcker, 
says  that  the  forms,  which  the  latter  claim  to  be  degenerated  badllary- 
bodies,  are  merely  artefacts,  or  else  particles  of  a  granular  material  hav- 
ing no  relation  whatever  to  the  tubercle  bacillus. 

It  is  apparent  that  the  question  of  the  origin  and  nature  of  the  tubercle 
giant  cell  is  no  nearer  a  satisfactory  solution  than  it  was  when  Langhans 
first  suggested  the  theories  of  progressive  nuclear  division  of  cellular  con- 
fluence. It  seems,  however,  to  be  generally  agreed  that  the  cells,  which 
either  by  confluence  of  the  protoplasm  or  by  nuclear  division,  give  rise 
to  the  multinucleated  masses,  are  those  to  which  the  name  epithelioid 
has  been  given. 

Before  the  discovery  of  the  tubercle  bacilli  by  Koch  it  was  held  by. 
many,  that  the  giant  cell  of  tubercle  owed  its  origin  to  metamorphosed 
blood  vessels,  but  of  late  years  this  view  has  been  practically  abandoned 
for  lack  of  supporters.  In  tuberculosis  of  the  liver,  Klebs  thinks  that 
many  of  the  giant  cells  there  found,  are  formed  from  the  lining  epithe- 
lium of  the  biliary  ducts.  A  somewhat  similiar  view  is  held  by  Arnold, 
who  in  miliary  tuberculosis  of  the  kidney  and  liver,  found  giant  cells 
which  were  formed  apparently  by  the  confluence  of  neighboring  epithelial 
cells  lining  detached  portions  of  urinary  tubules  and  bile  ducts. 

In  connection  with  the  giant  cells  of  tuberculosis,  Hektoen's  studies 
liave  added  greatly  to  our  knowledge  of  the  fate  of  these  masses.  He 
concludes  that  in  the  healing  of  non-degenerated  tuberculosis  tissue,  the 
multinucleated  giant  cells  may  either  disintegrate  and  subsequently  be- 
come absorbed,  or  may  divide  again  into  smaller  cells.  The  latter  occurs 
more  frequently.  Under  certain  conditions  after  thus  separating  into 
smaller  cells  they  may  undergo  progressive  changes.  This  leads  him 
to  doubt  the  theory  of  Weigert  and  others  that  giant  cells  are  necrobiotic 
elements  doomed  to  destruction,  and  to  support  the  teleological  view  held 
by  Metchnikoff,  that  they  are  defensive  Plasmodia,  in  that  they  engulf 
and  destroy  the  tubercle  bacillus. 

Unna  in  his  work  on  the  histopathology  of  skin  lesions  discusses  at 
considerable  length  the  nature  of  the  giant  celb  found  in  lupus.  He 
believes  that  the  bacilli  within  the  giant  cells  elaborate  a  poison  which 
paralyzes  certain  parts  of  the  cell.  In  the  neighborhood  of  the  nuclei  this 
poisonous  action  is  not  only  resisted,  presumably  as  a  result  of  nuclear, 
influence,  but  the  nuclei  proliferate  and  elaborate  an  antitoxic  substance 
which  neutralizes  the  action  of  the  bacterial  poison.  While  nuclear  pro- 
liferation lasts,  he  concludes,  there  can  never  be  complete  necrosis  of 
the  giant  cell. 

Concerning  the  foreign  body  giant  cells  which  may  readily  be  studied 
experimentally  a  large  mass  of  literature  is  at  hand.  As  their  function 
appears  to  be  to  remove  dead  and  useless  fragments  of  tissue,  or  to 
surround  and  render  innocuous  particles  of  extraneous  matter  which  have 
found  their  way  into  the  tissue,  they  are  seen  under  a  great  variety  of 
conditions.     The  substances  most  frequently  enclosed  by  them  are  bits 
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of  hair,  degenerated  or  comified  epithelium,  cholesterin  and  fatty  acid  crys- 
taJs,  old  pigment  of  the  blood,  extraneous  insoluble  particles,  sutures,  etc 
To  quote  a  few  specific  examples  of  but  one  type,  suffice  it  to  state  that 
LeCount  has  described  cholesterin  giant  cells  in  an  old  hydrocele,  Meyer 
in  foreign  body  peritonitis,  Manasse  in  polypoid  growths  of  the  middle 
ear,  Cramer  and  Schultz  in  a  tumor  of  the  eye  and  Ruge  and  Kruchman 
in  sebaceous  cysts. 

One  of  the  most  interesting  studies  of  foreign  b9dy  giant  cells  is  the 
experimental  investigation  of  Faber.  He  introduced  agar  into  the  sub- 
cutaneous tissues  of  rabbits  and  observed  the  changes  which  followed. 
After  various  intervals  he  found  about  the  particles  of  agar,  leucocytes, 
epithelioid  cells  and  giant  cells.  He  found  that  the  latter  not  only  sur- 
rounded the  small  masses  of  agar  but  also  sent  processes  into  their 
substance.  In  some  of  his  experiments  he  used  agar  impregnated  with 
Berlin  blue,  and  thus  was  able  to  obtain  positive  evidence  that  digestion 
was  really  taking  place  within  the  multinucleated  cells,  for  it  was  easy 
to  demonstrate  that  in  such  cells,  in  addition  to  the  larger  masses  of 
foreign  material,  were  many  fine  colored  particles  which  had  been  broken 
oflF  from  the  former  in  the  process  of  its  digestion.  Indeed  he  saw  some 
cells  which  contained  only  particles  of  Berlin  blue  and  no  large  agar 
clumps. 

Other  experimental  investigations  have  yielded  similar  results.  Among 
the  substances  used  in  the  experimental  studies  are  small  particles  of 
sterile  sponge,  catgut,  bits  of  glass,  pollen  grains,  lycopodium  spores  and 
coagulated  blood  serum. 

There  are  almost  as  many  theories  concerning  the  origin  of  these 
foreign  body  giant  cells  as  there  are  writers  dealing  with  the  subject. 
Many  authorities  have  reached  the  conclusion  that  the  cells  which  take 
up  foreign  bodies  are  proliferating  fixed  tissue  cells.  Langhans  in  1866 
in  his  elaborate  discussion  of  the  subject  originated  the  first  theories 
as  to  giant  cell  formation,  and,  although  somewhat  modified,  these  still 
hold  to-day.  He  suggests  two  possibilities:  (i)  that  they  may  arise  from 
a  single  cell  by  multiplication  of  the  nucleus,  or,  (2)  they  may  result 
from  the  fusion  of  many  cells  into  one.  To  the  former  Diirck  has  given 
the  name  "proliferation  giant  cell"  and  to  the  latter  "conglutination  giant 
cell."  Ziegler  says  that  if  the  formation  of  giant  cells  is  associated 
with  an  inflammatory  reaction  and  if  the  proliferating  tissue  contains 
leucoctyes,  the  latter  may  develop  into  giant  cells  by  a  division  of  their 
nuclei  and  act  as  phagocytes.  Several  German  writers  hold  that  it 
occasionally  happens  that  mononuclear  cells  take  up  small  foreign  bodies 
into  their  substance  and  through  continued  nuclear  division  become 
converted  into  giant  cells.  Virchow  concluded  that  foreign  body  giant 
cells  were  altered  lymph  vessels.  Koster  thought  they  came  from  the 
endothelium  of  blood  vessels.  Of  late  years,  however,  investigators  have 
been  in  general  accord  in  denying  the  vascular  origin  of  the  multinucleat- 
ed cells,  although  one  or  two  recent  writers  have  brought  forward  the 
theory  again.  Weiss,  who  made  a  thorough  study  of  this  subject,  con- 
cluded that  the  giant  cells  which  he  found  surrounding  foreign  bodies 
were  always  formed  by  the  confluence  of  the  protoplasm  of  neighboring 


Digitized  by  VjOOQ IC 


1 64  GIANT  CELLS  IN  UNUSUAL  SITUATIONS 

celb,  the  latter  being  in  most  cases  ^'granulation  cells/*  Faber,  as  die 
result  of  his  experimental  subcutaneous  introductions  of  agar,  is  positire 
that  the  giant  cells  whidi  he  noted  were  formed  by  the  merging  together 
of  numerous  epitheloid  cells.  Goldman  regards  the  multinucleated  cells 
which  form  around  hairs  in  a  dermoid  cyst  as  arising  from  a  single 
polymorphonuclear  leucocyte  by  the  division  of  its  nucleus.  On  the  other 
hand  Buxton  says  that  the  leucocytes  of  the  early  invasion  do  not  give 
origin  to  foreign  body  giant  cells  for  several  reasons:  (i)  because  the 
latter  are  not  seen  until  granulation  tissue  has  begun  to  form,  (2)  then- 
formation  begins  at  that  point  of  the  foreign  body  which  is  nearest  to 
the  granulation  area,  and  (3)  in  general  their  appearance  both  as  regards 
nucleus  and  protoplasm  closely  resembles  that  of  epithelioid  cells. 
Marchand  concludes  that  the  cells  in  question  are  formed  from  epithelioid 
cells,  which  in  turn  develop  from  the  endothelium  of  capillary  blood 
vessels,  thus  indirectly  returning  to  the  views  of  Virchow  and  Kostcr 
that  they  arise  from  blood  vessels. 

Observation  No.  i. — Multinucleated  cells  within  the  bronchi 
in  bronchiectasis. 

(Records  of  the  Pathological  Department,  University  of  Penn- 
sylvania* No.  01.46.)  Autopsy  by  Dr.  Pearcc.  Clinical  Diag- 
nosis:— Pulmonary  tuberculosis  and  pneumonia. 

Anatomical  Diagnosis. — Chronic  interstitial  pneumonia  (dif- 
fuse) ;  acute  lobar  pneumonia  (right  upper  lobe) ;  bronchiectasis, 
emphysema;  general  arteriosclerosis;  chronic  mitral  and  aortic 
endocarditis;  hypertrophy  of  left  ventricle;  general  chronic  pas- 
sive congestion ;  congenital  hypoplasia  of  right  kidney ;  compen- 
satory hypertrophy  of  left  kidney;  chronic  fibrous  peritonitis; 
chronic  fibrous  pleuritis. 

Lungs. — ^The  lungs  are  smaller  than  normal  and  very  firm. 
Posterior  surfaces  are  covered  by  adhesions.  On  section  there 
is  seen  a  very  definite  diffuse  increase  of  connective  tissue. 
Throughout  both  lungs,  but  more  especially  in  the  lower  lobes, 
are  many  closely  set,  minute  cavities,  apparently  dilated  bronchi, 
containing  a  thick  mucus  which  is  adherent  to  their  walls.  About 
these  the  new  formation  of  connective  tissue  is  very  evident  and 
often  takes  the  form  of  grayish  tubercle-like  masses.  There  is 
a  well  marked  dilatation  of  the  air  vessels  throughout  the  lungs, 
especially  along  the  anterior  edges,  where  small  blebs  2  to  3  mm. 
in  diameter  may  be  seen.  The  right  upper  lobe  is  prominent, 
of  a  grayish  red  color  and  completely  solidified.  On  section  it 
is  grayish  red  in  color,  finely  granular,  and  on  pressure  a  large 

♦For  the  autopsy  notes  from  which  this  abstract  of  j?ross  findings  is  taken  I  am  indebted 
to  Prof.  Allen  J.  Smith,  of  the  University  of  Pennsylvania. 
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amount  of  yellowish-gray  fluid  escapes.  In  the  midst  of  this 
solidification  is  a  dilated  bronchus  1.5  cm.  in  diameter.  The 
bronchi  contain  a  large  amount  of  grayish  yellow,  and  in  some 
places,  slightly  greenish  mucus  disagreeable  in  odor. 

Histological  Examination, — ^Throughout  all  portions  of  the 
lung  the  air  cells  are  largely  obliterated  and  replaced  by  a  very 
dense  and  very  vascular  connective  tissue  containing  many 
lymphoid  and  plasma  cells.  In  this  tissue  is  a  moderate  deposi- 
tion of  carbon  pigment.  Special  stains  show  it  to  be  unusually 
rich  in  elastic  fibres.  The  air  cells  which  remain  are  enlarged. 
The  bronchi,  with  the  exception  of  the  larger  structures  are  for 
the  most  part  greatly  dilated  and  present  very  irregular  outlines. 
In  short  the  condition  present  is  a  chronic  interstitial  pneumonia 
with  emphysema  and  extreme  bronchiectasis,  and,  as  the  chief 
interest  lies  in  the  giant  cells  within  the  bronchi,  the  latter  struc- 
tures only  will  be  described  in  detail. 

Of  the  smaller  bronchi  a  few  are  of  normal  diameter  and  some 
are  collapsed,  but  for  the  most  part  they  are  greatly  dilated. 
Their  walls  are  greatly  thickened  and  the  mucosa  irregular  and 
convoluted.  Into  some  the  newly  formed  connective  tissue  has 
sent  finger-like  projections,  these  causing  more  or  less  invagina- 
tion of  the  mucosa.  The  epithelium  of  the  smaller  bronchi  is 
not  infrequently  separated  from  the  underlying  structures  and 
thrown  into  reduplicated  folds.  The  cells  of  these  smaller  tubes 
are  of  the  low  columnar  type  and  stain  deeply  with  hematoxlyin. 
Not  infrequently  they  penetrate  in  an  irregular  manner  the  sur- 
rounding tissue.  All  the  bronchi  with  the  exception  of  the  very 
largest  are  partially  filled  with  masses  composed  mainly  of  a 
thick  hyaline  mucus,  with,  in  addition,  polymorphonuclear  leu- 
coc)rtes,  epithelial  cells  and  cellular  detritus  and  a  few  red  cells. 
The  mucus  which  holds  the  mass  together  has  in  places  a  more 
or  less  fibrillated  appearance,  suggesting  a  fibrin  network;  else- 
where it  is  homogeneous.  In  the  center  or  at  the  periphery  of 
many  of  these  masses  are  seen  one  or  more  large  multinucleated 
cellular  masses  which  vary  considerably  in  appearance.  In  out- 
line some  are  almost  spherical,  while  others  are  very  irregular 
or  elongated.  The  irregularity  is  never  so  great  as  to  suggest 
the  presence  of  cell  processes  similar  to  those  of  the  tubercle 
giant  cell.  The  nuclei  range  in  number  from  2  to  80  or  100  and 
are  oval  and  vesicular;  the  nuclear  chromatin  appears  very 
plainly  and  takes  a  blue  stain  with  hematoxylin,  while  the  proto- 
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pla«n  stains  a  lig^t  pink  with  eosin.  Many  of  the  cells  are  vacao- 
lated  and  the  vacuoles  contain  in  many  instances  a  poorly  stain- 
ing granular  material,  the  nature  of  which  cannot  be  determined. 

The  nature  and  mode  of  formation  of  these  multinucleated 
cells  cannot  readily  be  determined.  A  careful  review  of  the 
literature  reveals  no  mention  of  similar  cells  under  like  circum- 
stances. They  are  not  a  manifestation  of  the  lesions  of  tuber- 
culosis or  syphilis,  and  it  cannot  be  shown  conclusively  that  they 
are  foreign  body  giant  cells  which  have  formed  about  mucus 
or  detritus  in  the  bronchi,  though  the  occasional  occurrence  of 
crystal-like  fragments  within  their  protoplasm  suggests  such  a 
possibility.  As  this  possibility,  however,  presupposes  the  con- 
glutination of  proliferation  of  desquamated  epithelial  cells  it  is 
hardly  worthy  of  consideration.  It  is,  however,  evident  that  they 
must  in  some  way  have  been  formed  from  the  epithelium  of  the 
k-onchi.  Careful  study  of  many  preparations  has  shown  that 
not  infrequently  small  masses  of  the  cells  forming  the  epithelial 
Kning  protrude  in  sprout-like  processes  into  the  lumen.  These 
cells  lose  more  or  less  their  cylindrical  form  and  constitute  an 
irregular  arrangement  of  nuclei  without  distinct  cell  outlines. 
It  is  possible  that  these  cell  masses  could  become  constricted  at 
their  bases  and  finally  separate  entirely  from  the  mucosa  and  by 
contraction  form  round  or  oval  multinucleated  cells  resembling 
giant  cells,  which  in  the  fluid  of  the  bronchi  might  retain  for 
some  time  their  normal  staining  characteristics.  Such  a  mode 
of  origin,  however,  cannot  be  demonstrated. 

The  possibility  that  these  cells  are  but  the  tips  of  budding  proc- 
esses separated  by  the  knife  from  the  cell  strands  connecting 
them  with  the  underlying  mucosa,  and  therefore  analogous  to  the 
multinucleated  masses  seen  in  the  placenta,  has  been  considered. 
A  study  of  serial  sections,  however,  has  shown  this  not  to  be  the 
case. 

That  giant  cells  commonly  arise  from  epithdial  cells  is  doubt- 
ful, but  that  they  may  do  so  is  evident  from  a  number  of  investi- 
gations. In  tuberculosis  of  the  intestine,  Gaule  thought  that 
8omt,  at  least,  of  the  giant  cells  originated  in  the  epithelial  lin- 
ing of  the  tubules.  Similarly  Klebs  and  Arnold,  as  stated  above, 
in  tuberculosis  of  the  liver  and  kidney^  thought  that  the  existing 
giant  cells  were  formed  from  the  lining  epithelium  of  tfie  bile 
ducts  and  the  uriniferous  tubules.  Pearce  in  his  study  of  experi- 
mental cirrhosis  of  the  liver,  found  multinucleated  masses,  essen- 


Digitized  by  VjOOQ IC 


NELSON    K.    FROMM  167 

tially  foreign  body  giant  cells,  since  they  were  active  in  removing 
necrotic  hyaline  liver  cells.  These  he  declares  are  derived  in 
I)art  from  endothelial  cells  and  in  part  from  liver  cells.  C.  Fried- 
l&nder,  in  a  peculiar  form  of  pneumonia  to  which  he  has  given 
the  name  "Desquamative  Hepatization,"  describes  giant  cells  in 
tiie  alveolar  spaces,  which  he  thinks  originate  from  the  lining  of 
the  alveola. 

The  occurrence  of  cells  so  typically  of  the  giant  cell  type  in 
such  a  place  is  so  unusual  that  one  hesitates  to  offer  an  explana- 
tion. It  seems  justifiable,  however,  in  view  of  the  fact  that 
origin  from  either  desquamated  epithelium  or  the  cells  emigrat- 
ing from  the  blood  stream  appears  untenable,  to  conclude  that 
they  must  be  pinched  off  masses  of  excessively  proliferating 
sprouts  of  the  bronchial  epithelium,  which  still  retain  more  or 
less  their  natural  staining  characteristics. 

Observation  No.  II. — Giant  cells  in  a  Carcinoma  of  the  Tongue. 
(Records  of  the  Bender  Laboratory,  Surgical  Path,  No.  06-535.) 

The  tumor  was  one  involving  the  right  half  of  the  tongue, 
right  tonsil  and  adjacent  lymph  nodes.  It  presented,  except  for 
extensive  necrosis,  the  usual  gross  appearance  and  histologically 
was  of  little  interest  except  for  the  presence  of  large  numbers 
of  multinucleated  cells  in  and  about  necrotic  epithelial  pearls 
containing  much  kerato-hyalin.  These  cells  lay  in  dense  masses 
of  lymphoid  and  plasma  cells  and  in  intimate  contact  with  frag- 
ments of  keratinized  epithelial  cells  and  oftentimes  formed  a 
perfect  ring  about  smaller  disorganized  epithelial  pearls.  They 
had  in  some  instances  a  round  or  oval  outline,  but  the'  majority 
were  very  irregular,  a  considerable  number  sending  elongated 
processes  of  their  protoplasm  into  the  surrounding  tissue. 

In  the  protoplasm  many  vacuoles  are  seen,  some  being  free 
of  aH  ccMitents  while  others  contain  a  variable  amount  of  hema- 
toxylin staining  material.  Not  infrequently  the  material  within 
the  cells  can  be  definitely  recognized  as  fragments  of  degenerated 
epithelial  cells.  The  vesicular  nuclei,  some  of  which  are  round, 
others  oval,  are  situated  as  a  rule  at  the  periphery  or  at  the  poles, 
though  an  irregular  arrangement  is  not  uncommon.  The  larger 
cells  contain  40  to  50  nuclei.    There  is  no  evidence  of  nitosis. 

G)nceming  the  occurrence  of  giant  cells  in  epithelial  tumors 
there  is  very  little  to  be  said. 

In  several  cases  of  naevo-carcinoma,  Unna  describes  giant 
cells,  similar  to  those  of  tuberculoeis  in  that  their  nuclei  are 
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peripherally  placed.  Malherbes  and  Chenantais  saw  similar  cells 
in  epithelioma  of  the  sebaceous  glands  of  the  neck.  Krauss  in 
70  cases  of  epithelioma  found  giant  cells  in  10.  He  also  found 
them  in  an  epithelioma  of  the  clitoris  and  in  several  adenomata. 
In  an  epithelioma  in  which  calcification  had  taken  place,  Denecke 
also  saw  such  cells.  Kriichman  observed  them  in  carcinomata 
of  the  eyelid  and  of  the  oesophagus.  Becher  found  multinu- 
cleated cells  in  several  cases  of  lipoma  and  carcinoma  of  the 
upper  and  lower  lips.  Delamare  and  Lecene,  out  of  a  total  of 
250  epitheliomas  examined,  saw  giant  cells  in  14,  the  majority 
being  found  in  squamous  cell  carcinoma  of  the  tongue,  cheeks, 
larynx,  oesophagus,  tonsil,  gums  and  cervix.  Cramer  and 
Schultz  noticed  similar  cells  in  a  pseudoglioma  of  the  retina. 

In  some  cases,  as  in  the  one  here  reported,  the  giant  cells  are 
scattered  throughout  the  area  of  round  cell  infiltration  and  in 
close  proximity  to  the  masses  of  comified  epithelial  cells  or  so- 
called  "  pearls.''  This  association  has  suggested  the  possibility 
that  they  represent  an  attempt  to  remove  the  new  growth  and 
bring  about  a  spontaneous  healing.  This  question  has  been 
answered  affirmatively  and  negatively  by  both  French  and  Ger- 
man writers.  That  giant  cells  can  surround  and  remove  vigor- 
ously growing  cells  is  very  doubtful,  but  that  they  may  take  a 
part  in  removing  comified  epithelium  or  other  inert  material, 
as  they  do  elsewhere  in  the  body,  is  very  probable.  Becher 
even  goes  further  than  this  and  says  that  it  is  the  function  of  the 
giant  cell  to  bring  about  organizaticm  of  the  **  epithelial  pearls  " 
and  their  spontaneous  healing,  making  it  possible  for  them  to 
be  replaced  by  connective  tissue.  Unna  thinks  that  the  presence 
of  giant  cells  in  carcinoma  suggest  some  infectious  agent  as 
the  causal  factor.  In  this  connection  it  may  be  recalled 
that  Unna  describes  multinucleated  cells  in  various  of  the  more 
uncommon  .skin  lesions.  He  found  in  Spiradenitis  di.sseminata 
suppurativa,  a  diffuse  inflammation  of  the  sudoriparous  glands, 
that  the  epithelial  cells  of  the  ducts  become  swollen,  separate 
and  sometimes  form  multinucleated  masses  which  he  thinks  are 
typical  giant  cells.  Although  unable  after  examination  to  find 
any  specific  micro-organisms,  nevertheless,  from  the  nature  of 
the  lesion,  he  thought  that  the  condition  pointed  to  an  inflam- 
mation of  infectious  origin. 

Mibelli,  in  acne  keloid,  found  giant  cells  around,  the  hair 
follicles.     This  led  Unna  to  consider  that  this  disease  also  was 
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caused  by  a  distinct  infectious  agent  the  nature  of  which  is 
unknown.  In  varicella,  Unna  ako  describes  giant  cells  in  the 
prickle  cell  layer  of  the  epidermis,  and  on  account  of  their 
peculiar  form  gave  them  the  name  "balloon"  giant  cells. 

Observation  No.  III. — Giant  Cells  in  a  Recurrent  Granulation 
Polyp  of  the  Aural  Canal.  (Bender  Laboratory  Records,  Sur- 
gical  Path.  No.  06-332.) 

The  gross  appearance  of  the  tumor,  a  small  polyp,  is  of  no 
special  importance.  Microscopically,  it  is  in  part  necrotic  with 
extensive  leucocytic  infiltration  and  in  part  composed  of  a  matrix 
of  newly-formed  connective  tissue  with  a  small  round  cell  infil- 
tration. Here  and  there  a  slight  amount  of  oedema  is  noticeable. 
Scattered  throughout  the  latter  tissue  are  a  number  of  proto- 
plasmic masses  irregular  in  outline  with  no  definite  limiting  wall 
and  containing  3  to  15  oval,  vesicular  nuclei.  The  nuclei  are 
arranged  irregularly  throughout  the  cells,  in  some,  crowded 
together  in  the  center,  in  others,  at  the  poles  or  periphery.  Many 
of  these  cells  contain  a  granular  material  staining  with  hema- 
toxylin and  resembling  epithelial  debris. 

The  occurrence  of  giant  cells  in  aural  polyps  has  been  reported 
several  times.  Kriichman  describes  one  and  Manasse  nine  cases 
of  granulation  polyp  of  the  middle  ear  in  which  giant  cells  were 
found.  Manasse  decided  that  they  are  of  foreign  body  origin 
and  have  nothing  to  do  with  the  formation  of  the  pol3rps  as  such. 
Since  giant  cells  are  very  often  found  in  chronically  inflamed 
tissue  we  have  no  new  condition  here.  They  indicate  probably 
the  presence  of  foreign  particles  used  in  medication,  or  possibly 
desquamated  epithelial  cells  or  fragments  of  adherent  cerumen. 

Observation  No.  IV. — Giant  Cells  in  the  Wall  of  a  Cyst  of 
the  Broad  Ligament.  (Records  of  the  Bender  Laboratory,  Sur- 
gical Path.  No.  05-1304.) 

Macroscopically  the  specimen  may  be  described  as  a  cyst 
measuring  12  x  8  x  7  cm.  with  areas  of  subcapsular  hemorrhage. 
The  walls  are  quite  thick  and  firm  in  consistence  and  the  contents 
a  dark  brown  mucoid  fluid  in  which  are  mingled  brownish  friable 
masses.  In  several  places  the  wall  of  the  cyst  is  irregularly 
thickened  and  contains  minute  cysts. 

Microscopic  Description. — Sections  through  the  cyst  wall  show 
two  zones.  The  outer  consists  of  old  fibrous  connective  tissue 
with   a   large   number   of   small   blood   vessels.    The   inner   is 
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composed  of  young  granulation  tissue  with  its  new  blood  ves- 
sels and  small  accumulations  of  leucoc^ytes.  Scattered  profusely 
throughout  this  granulation  tissue  are  small,  round,  oval  or 
irr^^arly  shaped  hyaline  masses,  many  of  which  are  sur- 
rounded by  multinucleated  masses  of  protoplasm.  These  latter 
are  of  various  shapes  and  sizes  corresponding  to  the  enclosed 
material.  The  nuclei  are  of  the  oval  vesicular  variety,  the  larger 
cells  containing  from  50  to  100.  These  nuclei  are  also  varied 
as  to  their  situation,  some  being  massed  in  the  center,  a  few  at 
the  periphery,  while  others  are  arranged  at  one  or  either  pole. 
The  enclosed  material  is  apparently  of  a  mucoid  nature,  which  it 
would  appear  has  become  adherent  to  the  granulating  surface 
and  surrounded  in  the  process  of  repair,  with  the  ultimate  forma- 
tion of  giant  cells  about  the  less  soluble  particles. 

It  is  interesting  to  note  that  in  1870  Langhans  noticed  some- 
what similar  phenomena  about  extravastated  blood  or  blood  intro- 
duced as  a  coagulum  into  the  cutaneous  tissues  of  various 
animals.  In  each  instance  the  fluid  portion  of  the  blood  was 
soon  absorbed.  Aroimd  the  remains  of  the  clot  he  saw  multi- 
nucleated giant  cells  and  was  positive  in  asserting  that  absorp- 
tion was  due  to  the  phagocytic  action  of  the  latter. 

A  few  cases  of  giant  cells  found  in  connecticm  with  cyst 
formations  have  been  reported  by  German  writers.  Goldman 
and  F.  Konig  describe  multincleated  cells  in  the  walls  of  dermoid 
and  atheromatous  cysts,  Bohm  in  a  traumatic  epithelial  cyst, 
and  Kuhne  in  a  cyst  of  the  oesophagus. 
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SPONTANEOUS    AMPUTATION    OF    AN    APPENDIX 

VERMIFORMIS  CONTAINED  IN  A  FEMORAL 

HERNIA  SAC. 

By  frank  GEORGE  SCHAIBLE,  M.  D., 

Instructor  in  Pathology  and  Bacteriology,  Albany  Medical  College. 
(From  1h€  Bender  Laboraiary,  Albany,  N.  Y.) 

Within  the  past  few  years  and  especially  since  the  time  when 
the  radical  cure  for  hernia  became  customary,  a  large  number 
of  cases  of  hernia  have  been  reported  in  which  the  appendix 
alone  or  accompanied  by  omentum,  or  omentum  and  intestine 
have  been  found  occupying  the  sac.  Previously,  only  isolated 
cases  appear  in  the  literature.  Probably  the  first  reported  was 
that  of  Morgagni  in  175 1.  Piersol,  in  1901,  collected  125  reported 
cases,  and  since  that  time  a  number  of  communicaticms  have 
appeared  in  rapid  succession,  describing  instances  of  appendices 
found  in  the  various  hernial  sacs,  the  greater  majority  being 
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fomid  in  right-sided  henuac.  cspedaOy  the  inguinal  form. 
Edington,  Btdwdl,  Eccks,  Kcetlcy  and  Sootfaan  have  described 
cases  in  which  the  appendix  was  the  sok  occupant  of  the  sac. 

Most  of  the  cases  have  been  found  at  operatioo,  while  a  few 
have  been  accidentally  found  at  autopsy.  Tt  is  now  known  that 
the  appendix  b  present  in  about  one  or  two  per  cent  of  all 
hernias. 

Hernia  of  the  appendix  may  be  either  congenital  or  acquired. 
According  to  Hutchinson  all  the  congenital  cases  are  right  sided 
and  of  the  inguinal  form.  In  the  acquired  forms  the  usual 
causes  of  hernia,  as  general  enteroptosis  tc^nether  with  the 
unusual  mobflity  of  tfie  appendix  are  the  main  etiological  factors. 
It  is  more  common  in  children  and  advanced  life  Aan  in  early 
adult  and  middle  age.  According  to  Rivet's  figures  seventy  per 
cent,  occurred  in  men  and  thirty  per  cent,  in  women.  The  ingui- 
nal form  constitutes  seventy  to  eighty  per  cent,  of  all  cases;  the 
femoral  twenty  to  thirty.  Of  the  fifty-three  cases  of  strangulated 
appendix  in  a  hernia  sac  recently  collected  by  Qogg  three  only 
occurred  in  males,  and  of  these  three,  two  were  infants.  Both 
were  inguinal  hernias — fifty  occurred  in  women  and  in  each 
instance  tfie  hernia  was  femoral. 

Pathological  conditions  of  the  herniated  appendix,  especially 
those  of  an  inflammatory  nature,  are  not  uncommon.  "The 
tendency  to  inflammation  of  the  appendix  is  greater  than  in  the 
unhemiated  organ"  (Jopson)  and  irreducibility,  according  to 
Bararde's  statistics,  is  almost  the  rule.  In  his  ninety-seven  cases 
inflammation  was  found  in  thirty  and  strangulation  in  forty- 
seven.  In  many  instances  the  symptoms  supposed  to  be  due  to  a 
strangulation  of  the  hernia  have  been  found  to  be  due  to  an 
inflamed  or  gangrenous  appendix,  which  had  become  adherent 
to  a  hernial  sac.  Eccles  states  that  the  inflammation  of  the 
appendix  in  these  cases  takes  place  after  its  prolapse  into  the 
hernial  sac,  and  that  the  strangulation  is  secondary,  being  caused 
by  an  acute  inflammatory  process  taking  place  in  a  confined 
space. 

Kleberg  describes  a  most  interesting  case  in  which  the  appendix 
was  found  in  a  left-sided  hernial  sac  at  operation.  After  having 
made  the  incision  he  noticed  a  gangrenous  piece  of  tissue  which 
later  sloughed  off,  and  was  described  by  the  pathologist  as 
appendiceal  tissue.  Shaw  and  Stanton  describe  a  case  of  hernia 
of  the  appendix  in  which  the  appendix  was  found  to  be  intimately 
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attached  to  the  epididymus.  Wolfer  and  McArthur  each  report 
a  case  of  cystic  appendix  in  the  sac  of  a  hernia  and  Wood  has 
called  attention  to  the  danger  of  rupture  by  taxis  when  a  cystic 
appendix  is  in  an  inguinal  hernia.  Such  an  accident  is  reported 
by  Van  Hook.  Various  other  interesting  conditions  of  the 
inbemiated  appendix  are  possible,  but  all  may  be  summed  up  by 
slating  that  conditions  which  may  affect  the  appendix  when  in 
its  normal  position  may  affect  the  appendix  also  when  within  a 
hernia  sac.  We  can  find,  however,  no  reference  in  the  literature 
to  the  spontaneous  amputation  of  an  inhemiated  appendix  and 
for  this  reason  feel  justified  in  {facing  on  record  such  a  case 
although  the  condition  must  be  considered  more  as  a  curiosity 
than  as  one  of  clinical  or  pathological  importance. 

Case  Report. — Mrs.  M.  B.  G.,  aged  80,  housewife,  entered  the  Albany 
City  Hospital,  service  of  Dr.  A.  W.  Elting  on  March  9,  1906.  The  family 
history  is  negative. 

Past  History, — ^The  patient  first  noticed  a  small  lump  in  the  right  groin 
about  eight  years  ago.  This  swelling  gradually  increased  in  size  until  it 
reached  the  size  of  a  goose  egg  and  was  recognized  as  a  hernia.  At  first 
it  gave  rise  to  no  symptoms,  but  later,  on  the  entrance  of  a  portion  of  the 
intestine  into  the  sac,  the  patient  would  have  a  feeling  of  weight  and  suffer 
extreme  pain.  She  was  able  at  such  times  to  reduce  the  hernia  and  would 
then  be  relieved.  She  has  worn  a  truss  for  the  past  three  years.  The 
nq;>ture  "comes  down"  about  every  six  or  eight  months. 

Present  Illness, — ^The  patient  felt  perfectly  well  until  she  was  taken 
with  slight  pain  in  the  right  groin,  which  increased  in  severity  until  it 
was  80  severe  as  to  be  intolerable.  She  did  not  vomit.  The  bowels  were 
constipated  and  the  hernia  irreducible. 

Operation. — With  the  patient  in  dorsal  recumbent  posture  there  pre- 
sented a  sausage-shaped  tumor,  well  down  in  groin  on  the  right  side, 
which  measures  about  8.5  x  3.5  cm.  An  effort  was  made  at  reduction 
while  on  the  table,  but  without  avail.  An  incision  was  made  over  the 
tumor  mass  parallel  with  Poupart's  ligament  and  the  tissues  separated 
and  the  hernia  sac  exposed.  The  sac  was  opened  and  found  to  contain 
three  to  four  inches  of  ileum  markedly  congested  and  almost  black.  The 
neck  of  the  sac  was  very  tight,  being  of  the  size  of  a  finger,  and  it  was 
necessary  to  incise  the  constrictmg  band  somewhat.  Some  hot  saline 
solution  was  poured  on  the  gut  and  the  color  began  to  return  with  con- 
traction of  muscular  fibres.  The  gut,  after  considerable  effort,  slipped 
back  into  the  abdomen.  What  was  considered  as  a  properitoneal  lipoma 
was  attached  to  the  inner  surface  of  sac.  On  close  examination  of  this 
mass  was  found  what  appeared  to  be  a  rather  short  obliterated  appendix 
with  smooth  ends  and  without  caecal  attachment,  which  had  apparently 
been  amputated  by  pressure.  To  this  was  attached  a  definite  mesentery. 
A  considerable  tongue  of  omentum  was  deligated  along  the  sac.  The 
patient  made  an  uninterrupted  recovery. 
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Gross  DescripiioH  of  Specimen. — ^Attached  to  an  apparently  smootk 
serous  membrane  (hernia  sac)  measuring  3.5  cm.  in  diameter  is  an  irregular 
mass  of  adipose  tissue  closely  resembling  that  of  the  meso-appendix. 
Attached  to  this  mass  and  slightly  imbedded  in  it  is  a  cord-like  structure 
which  measures  4  cm.  in  length  and  0.5  cm.  in  diameter.  Its  surface  is 
smooth,  glistening,  pinkish  gray  in  color  and  it  is  rotmded  off  at  both  ends. 
To  these  ends  are  attached  by  fibrous  bands  small  masses  of  adipose 
tissue.  Adherent  to  the  hernia  sac  at  its  under  sturface  by  a  long  fibrous 
band  is  a  piece  of  omentum  containing  considerable  fat.  Anatomical 
Diagnosis. — Hernia  sac  containing  omentum  and  a  portion  of  an  appendix 
(spontaneous  amputation). 

Histological  examination  of  the  appendix  shows  the  lumen  to  have 
been  entirely  obliterated  and  the  mucosa  completely  replaced  by  fat  and 
connective  tissue  containing  a  few  Ijrmphoid  cells.  The  musculature  is 
slightly  atrophic,  and  there  is  a  light  infiltration  of  lymphocytes  and 
eosinophiles.  The  peritoneal  coat  here  and  there  shows  many  smaU 
hemorrhages.  That  the  structure  is  appendix  and  not  some  other 
obliterated  tubular  structure  or  ligamentous  mass  is  definitely  determined 
by  the  character  and  arrangement  of  its  outer  coats.  Microscopic 
Diagnosis. — Chronic  obliterative  appendicitis. 

The  only  problem  of  pathological  interest  in  this  condition  is 
the  question  of  the  sequence  of  the  obliteration  and  amputation. 
It  seems  most  probable  that  the  obliteration  of  the  appendix 
had  occurred  before  the  organ  entered  the  sac,  though  of  course 
it  is  not  possible  to  exclude  a  gradual  obliterative  appendicitis 
occurring  after  its  entrance.  Under  either  circumstance  it  would 
appear  to  be  quite  certain  that  the  amputation  was  due  to  the 
gradual  constriction  of  the  proximal  portion  of  the  appendix 
between  the  divisions  of  the  fascia  lata  forming  the  boundaries 
of  the  femoral  opening,  this  force  being  aided  in  part  perhaps 
by  the  pressure  of  the  truss.  That  the  constriction  leading  to 
amputation  as  primary,  or  due  to  an  acute  inflammatory  con- 
dition causing  adhesions  about  the  proximal  portion  of  the  ap- 
pendix, appears  very  improbable,  for  under  such  circumstances 
we  would  expect  either  a  cyst  or  empyema  of  the  listal  portion 
of  the  organ,  or  perhaps  even  necrosis,  but  certainly  not  an 
obliteration  unless  the  adhesions  involved  the  appendix  through- 
out its  entire  length  and  on  all  sides,  which  was  not  the  case. 
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EXFOLIATIVE  CYSTITIS.    A  CASE  REPORT. 

By  J.  FLETCHER  ROBINSON,  M.  D., 

InstTttctor  in  Pathology  and  Bacteriology,  Albany  Medical  College. 
{From  th4  Bondtt  Laboratory,  Albany,  N.  Y.) 

The  literature  of  affections  of  the  bladder  offers  so  few  exam 
pies  of  cystitis  with  exfoliation  of  large  portions  of  the  bladder' 
mucosa,  that  it  appears  justifiable  to  report  a  condition  of  this 
kind  recently  observed  by  the  writer.  The  expulsion  of  a  part 
or  the  whole  of  the  mucous  membrane  of  the  bladder  occurs 
more  frequently  in  women,  though  it  may  be  seen,  rarely,  in 
men.  It  is  usually  associated  with  a  cystitis  occurring  during 
pregnancy,  or  as  the  result  of  catheterization  and  irrigation. 
Boldt,"*  after  a  study  of  a  few  cases  of  his  own  and  of  several 
collected  from  the  literature,  concludes  somewhat  as  follows : 

Exfoliative  cystitis  is  often  associated  with  a  retroverted  pregnant 
uterus  and  usually  manifests  itself  at  the  third  or  fourth  month.  About 
50  per  cent,  of  the  cases  are  due  to  this  cause.  Other  causes  are,  a 
retroverted  myomatous  uterus,  the  pressure  made  by  a  myoma  choking 
the  pelvis,  retention  of  urine  or  the  instillation  of  very  strong,  irritating 
solutions.  The  common  factor  underlying  all  the  various  causes  is 
probably  the  ischemia  produced  by  pressure,  for  cutting  off  or  lessening 
of  the  vesical  blood  supply  results  in  ischemic  necrosis  with  or  without 
infection.  The  caustic  action  of  the  ammoniacal  urine  in  long-continued 
distention  of  the  bladder  may  also  play  a  part. 

Exfoliative  cystitis  usually  begins '  with  abrupt  onset.  The  detached 
membrane  may  be  extruded  entire  or  in  small  pieces;  the  mucous  sur- 
face may  be  so  altered  by  the  necrotic  changes  that  it  is  recognizable 
with  difficulty,  and  its  surfacie  Is  often  studded  with  uric  acid  crystals. 
Adhering  to  it  are  often  more  or  less  extensive  portions  of  the  muscular 
coat,  and  in  the  worst  cases  the  peritoneal  coat  is  also  involved. 

The  prognosis  is  usually  favorable  Except  in  those  cases  associated  with 
sepsis.  The  treatment  is  usually  that  adopted  for  cystitis  after  correcting 
any  displacements  that  may  be  present,  and  restoring  the  blood  supply 
as  nearly  as  possible  to  normal. 


iBoldt.  Am.  Jour,  of  Obst.,  1888,  xxi,  361, 
14 
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Dawson'  reports  a  case  of  exfoliation  of  the  bladder  mucosa 
in  a  colored  woman,  the  entire  mucous  membrane  being  passed 
en  masse  from  the  urethra 

Norris*  mentions  a  similar  condition  in  a  patient  aged  thirty- 
two,  due  to  a  virulent  infection  by  the  colon  bacillus.  As  the 
acute  symptoms  subsided,  two  ounces  of  a  five  per  cent,  sdution 
of  silver  iodide  were  introduced  into  the  bladder  once  a  day  at 
the  conclusion  of  irrigation.  The  patient  improved  slowly. 
After  two  weeks  of  treatment  she  was  permitted  to  go  home 
and  was  ordered  to  return  on  alternate  days  for  treatment,  but 
neglected  to  do  so.  One  week  after  her  discharge  she  returned 
with  her  urethra  blocked  by  a  sloughing  mass  as  thick  as  a 
lead  pencil,  four  inches  of  which  were  outside  die  external  uri- 
nary meatus.  The  bladder  was  distended  and  the  patient  had 
been  imable  to  pass  urine  for  fourteen  hours.  With  some  diffi- 
culty an  entire  cast  of  the  bladder  was  removed,  followed  by  a 
gush  of  urine.  Microscopic  examination  revealed  portions  of 
adherent  muscularis.  The  entire  specimen  was  undergoing 
necrosis. 

H.  C.  Cochan*  observed  in  a  woman  four  months  pr^^nant  a 
distention  of  the  bladder  to  within  an  inch  of  the  ensiform  carti- 
lage, accompanied  by  detachment  and  expulsion  of  the  entire 
bladder  mucosa.  The  cast  was  so  perfect  that  openings  corre- 
sponding to  the  ureteral  orifices  could  be  readily  seen.  The  pa- 
tient was  able  to  leave  the  hospital  in  twenty  days  and  recovered 
comfdetely. 

Schabert*  reports  a  case  following  the  birth  of  twins. 

In  a  case  mentioned  by  Kelly,*- an  over  distention  of  the  Mad- 
der followed  ovariotomy  and  portions  of  the  mucosa  were  cast 
oflf. 

To  these  reports  which,  though  they  by  no  means  cover  the 
entire  literature  represent  the  more  important  types  of  exfolia- 
tion, I  desire  to  add  the  following: 

A  folded  and  flattened  membranous  mass,  preserved  in  alcohol  and  re- 
sembling in  a  general  way  in  color  and  consistence  a  piece  of  folded  guttt 
percha  membrane,  was  sent  by  Dr.  I.  L.  Goff  of  Howard,  N.  Y.,  on  June  16, 
X906,  to  the  Bender  Laboratory  with  a  request  to  determine  its  nature. 

iDawMii.  Johns  Hopkins  Hospital  BulhUn,  1S08.  ix.  155. 
*NofTis,  Amoriean  M^dieinM,  1906.  xi.  47S. 
•Cochan.  Miodicai  Hows,  18SS.  Ixiii.  633. 
^Schabert.  St,  Potorsb,  mtd.  Woeh.,  1909.  jdx,  373. 
•KtUy,  Operative  Oyaeooloffy.  N«w  York,  1906. 
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The  accompanying  letter  stated  that  the  patient  from  whom  it  was 
obtained  was  being  treated  for  cystitis  and  had  passed  this  substance 
from  the  urethra.  The  specimen,  after  being  softened  by  immersion  for 
some  time  in  salt  solution  and  spread  out,  may  be  described  as  a  thin 
brownish  yellow,  irregular  disk,  uniform  in  thickness,  translucent  and 
aHghtly  elastic  and  about  six  cm.  in  diameter.  Microscopic  examination 
of  small  portions  imbedded  in  celloidin  and  stained  with  haematoxylin 
and  eosin  showed  several  imbricated  layers  of  squamous  epithelial  cells 
arranged  as  are  those  of  the  normal  bladder  mucosa.  These  cells  are  in 
part  necrotic  and  show  no  leucoc3rtic  infiltration.  No  subepithelial  struc- 
tures are  present. 

From  notes  furnished  by  Dr.  Goff  the  following  brief  history  was 
obtained  The  patient,  a  married  woman  of  about  40  years  of  age,  a 
schoolteacher  by  occupation,  had  had  two  previous  attacks  of  cystitis. 
During  the  attack  characterized  by  the  exfoliation  here  described  she  was 
under  treatment  for  about  one  week,  receiving  internally,  salol,  acetate 
of  potash  and  fluid  extract  of  com  silk  with  sufficient  codeine  to  relieve 
the  pain.  Hot  normal  salt  solution  irrigations  was  used  at  first,  and 
later  a  solution  of  boric  and  tannic  acids  and  morphine  as  hot  as  could 
be  borne.  The  bowels  were  kept  open  with  salines.  Recovery  was  rapid, 
and  no  recurrence  was  reported.  There  had  been  two  previous  attacks, 
which  were  mild  and  unaccompanied  by  any  exfoliation  of  mucous 
membrane. 

In  view  of  the  scanty  history  it  is  impossible  to  arrive  at  any 
definite  conclusion  concerning  the  cause  of  the  exfoliation^  The 
absence  of  leucocytic  infiltration  in  the  material  examined  and 
also  of  any  record  of  an  examination  of  the  urine  forbid  a  state- 
ment concerning  the  presence  of  an  inflammatory  condition.  The 
absence  of  pregnancy  rules  out  one  of  the  usual  causes.  The 
solutions  used  for  irrigation  are  not  such  as  usually  cause  injury, 
though  Boldt  quotes  a  case  of  Begonin's  in  which  exfoliation 
was  due  apparently  to  the  use  of  normal  salt  solution.  It  is 
possible  that  very  hot  solutions  might  cause  necrosis  and  exfolia- 
tion of  the  mucosa,  but  in  this  instance  there  is  no  evidence  that 
the  irrigation  caused  the  patient  discomfort,  as  would  necessarily 
he  the  case  under  such  circtmistances. 
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MALARIA  WITH  GENERAL  DISTRIBUTION  OF  THfi 

PLASMODIA. 

By  ARTHUR  T.  LAIRD,  M.  D.. 

Lecturer  in  Clinical  Microtcopy.  Albany  Medical  CoBege. 
{Ffom  fW  Bntd^  Laboratory,  Albany,  N.  V.) 

Records  of  the  microscopic  study  of  the  lesions  of  malariil 
infection  are,  as  stated  by  Ewing/  not  very  numerous,  and 
much  yet  remains  to  be  learned  of  the  parasitology  of  tho 
disease  from  microscopic  studies  of  the  visceral  lesions.  It  has 
therefore  seemed  worth  while  to  report  the  following  case  ia 
which  large  numbers  of  the  parasites  were  found  in  many  of  the 
organs  and  tissues. 

Bender  Laboratory  Records^  Autopsy  No.  33$,* 

Anatomical  Diagnosis, — Pernicious  malaria  with  general  pig- 
mentation most  marked  in  the  liver  and  spleen.  Marked  enlarge- 
ment of  the  spleen.  Hematogenous  jaundice.  Submucous 
hemorrhages  of  the  stomach.  Pigmentation  of  the  mucous 
membranes  of  the  stomach  and  intestines  and  of  the 
pancreas.  Cloudy  swelling  of  the  kidney,  liver  and  heart. 
Chronic  pleuritis  (left).  Hypostatic  congestion  and  slight 
oedema  of  lungs.  Atheroma  effecting  the  bases  of  the  mitral 
and  aortic  valves  and  the  aorta  and  coronary  arteries.  Grayish 
pigmentation  of  the  cortex  of  the  brain.  Presence  of  malarial 
parasites  in  the  capillaries  throughout  the  body. 

The  skin,  serous  and  mucous  membranes,  including  the  con- 
junctiva are  all  very  yellow,  as  are  also  the  fatty  tissues  generally. 

Liver. — 27  x  i6x  10  cm.  The  capsule  is  smooth  and  of  dark 
color.  On  section  it  is  slate  gray  in  color  with  indistinct  mark- 
ings. No  necroses  are  seen.  The  gall-bladder  measures  3.5  x 
1.5  cm.  and  contains  dark  viscid  bile.    The  bile  ducts  are  patent. 

Spleen. — 6.5  x  5  x  2  cm.  The  capsule  is  smooth  and  free  from 
adhesions.  On  section  the  organ  is  firm  in  consistence,  deep 
purple  in  color,  with  prominent  Malpighian  corpuscles. 

Kidneys. — Both  are  about  the  same  size,  approximately  1 1  x 
6x4  cm.  The  capsule  strips  with  some  difficulty,  bringing  with 
it  portions  of  the  kidney  substance,  yet  the  surface  for  the  most 

*No  clinical  history  could  be  obtained.  The  subject,  a  traveller,  passing  through  Albany, 
was  found  dead  by  the  hotel  attendants.  At  the  request  of  the  coroner  the  autopsy  was 
made  by  the  writer.  Only  the  anatomical  diagnosis  and  those  changes  apparently  due  to 
malaria  are  given  in  the  description  of  the  autopsy. 


Digitized  by  VjOOQ IC 


ARTHUE  T.    LAIRD  1 79 

lart  is  smooth.  On  section  the  organ  is  firm  and  lighter  in  color 
than  normal.     The  cortex  is  narrow. 

Pancreas. — Measures  i8  x  3  x  i  cm.  On  section  it  is  bluish 
gray  in  color,  otherwise  appears  normal. 

Stomach, — In  the  mucous  membrane  of  the  stomach  are 
numerous  pin-point  hemorrhages  covering  an  area  of  10  cm.  in 
diameter. 

Intestines. — The  mucous  membrane  of  the  small  and  large 
intestines  is  slate  gray  in  color. 

Brain. — There  is  grayish  pigmentation  of  the  cortex  of  the 
brain. 

Microscopic  Examination. — Fresh  smears  made  at  the  time  of 
the  autopsy  from  the  brain,  bone  marrow  and  spleen  show 
numerous  intracellular  parasites.  These  usually  have  the  form 
of  small  spheroids,  staining  blue  and  enclosing  coarse  masses  of 
brownish  black  pigment.  In  the  larger  forms  the  pigment  is 
more  scattered  and  finer  grains  are  seen.  No  ring  bodies,  rosettes 
or  crescents  are  found.*  Sometimes  a  red  cell  contains  more 
than  one  parasite.  Phagocytic  cells  containing  pigment  are  also 
seen. 

Sections  of  various  organs  after  Zenker  and  alcohol  hardening 
were  studied. 

Spleen. — The  pigment  deposit  is  very  extensive.  Much  of  it 
is  in  dense  masses  within  large  phagocytic  cells.  There  is  cellu- 
lar hyperplasia  of  the  pulp  tissue  and  the  sinuses  are  choked  and 
obliterated  by  pigmented  cells.  The  nonpigmented  cells  of  the 
Malpighian  bodies  stand  out  prominently.  A  very  large  propor- 
tion of  the  red  cells  of  the  pulp  contain  pigment  or  parasites. 
Pigment  is  also  found  witiiin  the  leucocytes.  The  large  pha- 
gocytic cells  referred  to  are  n^ono-nuclear,  where  a  nucleus  can 
be  made  out. 

Liver.' — ^The  parasites  are  very  numerous.  They  are  englobed 
in  free  red  cells  in  the  catpillaries  or,  more  often,  enclosed  in  large 
phagocytes  together  with  degenerated  parasites,  red  cells  more 
or  less  degenerated,  and  pigment  in  the  form  of  large  brownish 
black  masses  and  fine  brownish  grains.  The  large  phagocytic 
cells  are  mono-nuclear,  some  of  them  are  combined  in  the  large 
protoplasmic  masses  described  by  Ewing.    These  fill  and  distend 

*PsrMites  seen  in  fatal  cases  of  acute  malarial  infection  are  only  very  rarely  of  the  tertian 
type.  Italian  observers  have  claimed  that  tertian  malaria  is  never  fatal.  Ewing  has  how- 
•▼er  reported  a  case.  The  aestivo-autumnal  parasite  is  the  one  usually  found  and  the  one 
probably  prtsent  in  this  case  through  this  cottld  not  be  demonstrated. 
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certain  of  the  capillaries.  The  parasites  arc  very  much  more 
numerous  in  the  capillaries,  nearly  every  red  cell  in  which  is 
infected,  than  in  the  larger  vessels  where  only  comparatively  few 
of  the  red  cells  contain  pigment.  The  liver  cells  show  albumin- 
ous degeneration.  In  many  of  them  are  seen  numerous  fine 
yellow  granules  very  diflferent  in  appearance  from  the  malarial 
pigment.  No  typical  malarial  pigment  is  found  in  any  of  the 
liver  cells. 

Bone-marrow, — The  cellular  hyperplasia  is  marked,  compara- 
tively little  adipose  tissue  being  seen.  The  pigment  deposit  is 
extensive  but  not  as  marked  as  in  the  liver  and  spleen.  The  pig- 
ment is  found  especially  in  large  mono-nuclear  cells,  in  the  form 
of  dense  circular  and  irregular  masses  and  in  fine  granules. 
A  larger  proportion  of  the  red  cells  are  uninfected  than  in  tiie 
spleen.  Pigmented  spheroidal  bodies  are  seen  which  are  prob- 
ably free  parasites.  Here  as  elsewhere  no  ring  forms,  rosettes 
or  crescents  are  found.  No  infected  nucleated  red  cells  are  seen. 
Eosinophilic  myelocytes  are  numerous.  The  changes  in  the  bone 
marrow  are,  in  general,  of  the  first  of  the  two  types  of  marrow 
changes  described  by  Ewing. 

Lymph  Nodes, — The  lymph  nodes  contain  a  moderate  num- 
ber of  pigmented  red  cells.  Various  phagocvtic  cells  contain- 
ing pigment  are  also  noted.  Cellular  hyperplasia  is  present  and 
the  sinuses  are  obliterated. 

Lu«^^.— The  capillaries  here  as  in  other  organs  contain  im- 
mense numbers  of  the  parasites.  In  many  of  them  practically 
every  cell  is  infected.  The  infected  cells  are  massed  in  the 
capillaries,  the  larger  blood  vessels  being  comparatively  free 
from  them.  Large  phagocytic  cells  are  seen  distending  certain 
of  the  capillaries.  These  cells  contain  masses  of  pigment  and 
red  cells  more  or  less  degenerated. 

Cardiac  Muscle, — The  muscle  cells  show  only  cloudy  swelling. 
Very  large  numbers  of  parasites  are  found  in  the  capillaries. 
Phagocytic  cells  are  few. 

Kidney, — The  intertubular  capillaries  contain  moderate  num- 
bers of  parasites.  PTiagocytic  cells  containing  pigment  are  only 
rarely  seen.  The  kidney  cells  show  moderate  degenerative 
changes  of  the  albuminous  type.  Pigmented  phagocytes  and 
infected  red  cells  are  found  in  the  Malpighian  tufts. 

Intestines. — Numerous  parasites  are  seen  in  the  capillaries  in 
the  mucosa  and  in  those  of  the  muscular  fatty  and  connective 
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tissues.  In  certain  areas  the  epithelial  cells  are  necrotic  and 
there  is  an  infiltration  of  round  cells  in  the  deeper  layers  of 
the  mucosa.  Occasional  phagocytes  containing  pigment  are 
seen  in  the  capillaries. 

Pancreas. — Here,  also,  are  numerous  parasites  and  many 
phagocytes  containing  large  and  small  pigment  granules.  These 
are  exclusively  in  the  capillaries,  no  pigment  being  found  in  the 
parenchyma. 

Brain. — Enormous  numbers  of  parasites  are  found  in  the 
capillaries,  nearly  every  red  cell  being  infected.  They  are  less 
ntmierous  in  the  larger  vessels.  A  few  phagocytes  containing 
pigment  are  seen. 

The  pathology  of  malaria  is  summed  up  by  Mannaberg  as 
follows :  ^'  The  anatomic  characteristic  of  acute  malaria  is  mel- 
anemia.  Microscopically  this  is  evident  in  the  greyish  brown 
to  grai^ite  color  of  certain  organs,  as  the  spleen,  liver,  brain  and 
kidneys.  The  pigment  is  found  in  parasites  or  in  tissue  cells 
(leucocytes,  macrophages  of  the  spleen,  endothelial  cells,  mar- 
row cells,  more  rarely  in  the  parenchymatous  cells  of  glandular 
organs  as  the  liver).  The  distribution  of  the  pigment  in  the 
internal  organs  is  not  uniform.  It  is  found  in  the  capillaries 
rather  than  in  the  large  vessels.  Dead  substances  like  powdered 
glass  or  cinnabar  if  injected  into  the  circulation  distribute  them- 
selves uniformly,  while  bacteria  show  a  predilection  for  certain 
situations  and  for  certain  organs.  This  seems  to  be  true  of  the 
malarial  parasite.  The  distribution  varies  in  different  cases." 
This  is  well  illustrated  in  the  study  by  Ewing  of  material  col- 
lected at  Camp  Wikoff,  Montauk  Point,  L.  I.  He  reports 
nine  cases  with  clinical  histories  and  autopsies.  He  found  that 
the  distribution  of  the  parasites  in  the  internal  organs  was  not 
uniform.  In  one  case,  for  instance,  no  parasites  were  found  in 
the  brain,  while  a  very  abundant  deposit  of  pigment  was  seen 
in  the  kidney ;  in  another  a  very  large  number  of  parasites  oc- 
curred in  the  viscera,  generally,  especially  in  the  heart  muscle. 
Still  another  showed  a  concentration  of  parasites  in  the  central 
nervous  system;  in  this  case  severe  degenerative  changes  were 
present  in  the  kidneys,  though  parasites  were  absent  from  the 
renal  vessels.  One  case  showed  localization  of  parasites  in  the 
bone  marrow. 

It  is  generally  believed  that  in  typical  cases  the  spleen  is  the 
first  seat  of  malarial  infection.    This  is  borne  out  by  the  results 
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of  Craig's  autopsies  on  the  bodies  of  individuals  dead  of  latent 
malarial  infection.  In  these  the  parasites  were  practically  local- 
ized in  the  spleen  and  had  not  even  been  demonstrated  in  the 
blood  during  life,  though  careful  search  had  been  made.  The 
liver  showed  melaniferous  leucocytes,  but  no  infected  red  cells. 
Saigol  reports  an  autopsy  in  a  case  of  malaria  with  congenital 
absence  of  the  spleen.  In  this  case  the  infection  attacked  the 
mesenteric  lym|A  nodes,  which  showed  marked  hypertrc^y. 
Hypertrophy  of  the  suprarenal  glands  was  also  present. 

Leonard  Rogers  has  called  special  attention  to  the  frequency  of 
pigmentation,  visible  to  the  naked  eye,  of  the  mucous  membrane 
of  the  small  intestine.  He  found  it  to  be  present  in  fourteen  out 
of  twenty  cases  examined.  He  believes  that  the  continued  pres- 
ence of  the  pigment  in  the  mucous  membrane  eventually  causes 
degenerative  changes  and  appears  to  be  a  very  important  factor 
in  producing  the  high  mortality  in  malarial  cachexia.  In  the 
early  stages  the  villi  show  in  addition  to  deposits  of  black  fig- 
ment,  a  considerable  degree  of  diickening  and  distortion  pro- 
duced by  a  cellular  infiltration.  Changes  are  also  found  in  the 
deeper  layers  of  the  mucous  membrane;  in  some  cases  the  tube 
glands  have  nearly  disappeared,  while  their  place  is  taken  by  a 
dense  cellular  infihration.  On  the  other  hand,  the  muscular 
layers  show  little  change.  The  degree  of  loss. of  absorptive  and 
secretory  power  of  such  a  membrane  must  be  considerable.  In 
advanced  stages  the  process  goes  on  to  the  formation  of  fibrous 
tissue  and  die  mucous  membrane  becomes  much  atrophied. 

In  the  case  here  reported  the  parasites  have  a  wide  distribu- 
tion, being  found  in  practically  every  organ.  The  pigmentation 
i$  very  marked  in  the  spleen  and  liyer  and  brain.  The  changes 
in  the  intestine  are  similar  to  those  described  by  Rogers. 

REFERENCES. 

Mannabsro,  Julius.     Malaria.   Pathological  Anatomy.      Nothnagel's    Encyclopedia    of 
Practical  Medicine.  Philadelphia.  1905.     (Good  bibUography). 

XwiNG,  Jambs.  Contributions  to  the  Pathological  Anatomy  of  Malarial   Pever. 

Journal  of  ExptfimenUil  KUdictM,  1902,  Vf,  ixq. 

€>Aio.  Cha8.  P.  The    Pathology  of    Latent    Malarial    Infection  as  Observed    at 

Autopsy,  Journal  of  the  Association  of   Military  Surgeons,  1903 
XIII.  3«i. 

Saiool,  R.  D.  a  Case  of  Transposition  of  theViacera  Recognized  during  Life.  Death 

from  Malarial  Pever.     Post-Mortem.    Total  Congenital  Absence 
of  the  Spleen.     Indian  Medical  Gasette,  190 i,  XXVni,  417- 

RoGBBt,  Lbonard.        Pigmented  Atrophy  of  the  Mtjcous  Membrane  of  the  Small  Intes- 
tine of  Malarial  Origin.  Journal  of  Pathology  and  Bacteriology,  1903, 

1X,tt2. 


Digitized  by  VjOOQ IC 


BBMDBE  HYGIENIC  LABOft^TMY 


i»9 


BENDER  HYGIENIC  LABORATORY. 

Annual  Report  of  the  Directok  for  the  Year  Ending 
August  31,  1906. 

To  the  Trustees  of  the  Bender  Hygienic  Laboratory: 

I  have  the  honor  to  submit  my  report  for  the  year  ending 
August  31,  1906. 

The  Work  of  the  Laboratory. — ^The  routine  examinations  of 
all  kinds  are  summarized  in  Table  No.  I. 


TABLE  No.  I. — Routine  Examinations  madb  by  tbe  Stafv  or  ths 
Bbndbr  Laboratory  prom  Sbptbmbbr  i,  1905,  to  August  31,  190^. 


•» 

SUte 
Depart- 
ment of 
Health. 

Depart- 
ment of 
Health. 

Albany 
Hos- 
pital. 

St.  Peter's 
Hospital. 

Marsaret's 
House. 

AU 

other 

sources. 

Total. 

A«t<MWiflS 

40 
1,040 

4 
a8o 

a6 
xo 

so 

7a 
39 

ISO 

mens 

1,471 

Thraftt  cultures. . 

819 
150 

300 

S 

877 
34 

1,714 

flmituni 

X 

7» 

a 
36 

53s 

ww3^.:::.:::: 

t97 

Water,  milk  and 
ice 

'JK 

iff^t^fhrnmrat 

so 

Totals 

1.697 

91X 

X.X73 

3ta 

36 

413 

4.SS* 

This  shows  an  increase  over  each  of  the  preceding  two  years, 
of  the  work  done  for  the  Albany  and  St.  Peter's  Hospitals  and 
for  the  City  Department  of  Health,  but  a  decrease  in  that  done 
for  the  State  Department  of  Health.  There  is  also  an  increase 
in  the  number  of  examinations  made  for  private  individuals  and 
the  smaller  hospitals.  The  total  number  of  examinations  is 
more  than  one-third  greater  than  that  for  either  of  the  two 
previous  years.  This,  increase  has  been  mainly  along  lines  of 
surgical  pathology  and  clinical  bacteriology. 


Digitized  by  VjOOQ IC 


t84 


BBHDKR  HYGIBNIC  UMmATO&Y 


At  this  rq>ort  marks  the  conviction  of  tiie  first  decennial 
period  of  the  existence  of  the  laboratory,  I  have  been  interested 
in  working  out  the  amount  of  work  done  during  this  time.  The 
results  as  given  in  the  following  table  show  a  very  satisfactory 
and  definitely  progressive  increase  in  all  lines  of  work.  The  fig- 
ures are  based  on  the  examinations  for  each  year  ending  August 
31,  and  includes  only  those  examinations  of  which  we  have 
records  on  file. 


TABLB  No.  II. — ^Tablb  Showing  thb  PaooRBSsrvB  Incrbasb  op  thb 
Work  op  thb  Labokatort  Durimg  thb  First  Tbm  Ybars  op  Its 
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3 
7 

i 

3 
9 
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10 
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i 
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II 

6 
8 
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17 
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Laboratory  courses  for  undergraduates  of  the  Albany  Medical 
G>llege  have  been  given  as  follows : 

1.  Normal  Histology. — Drs.  Baldauf  and  Beilby,  six  hours  a 
week. 

2.  Pathology  and  Bacteriology. — Drs.  Pearce,  Winne,  Baldauf, 
Blackfan  and  Robertson,  eight  and  a  half  hours  a  week. 

3.  Qinical  Microscopy. — Drs.  Laird  and  Frederick,  five  hours 
a  week  (class  in  two  sections). 

4.  Surgical .  Pathology. — ^Drs.  Elting,  Carey  and  Sibley,  two 
and  a  half  hours  a  wedc. 

5.  Histdogy  and  Pathology,  in  connection  with  the  course  in 
Obstetrics. — Dr.  Lipes,  five  hours  a  week  (class  in  two  sections). 

6.  Anatomy   and    Pathology   of    the    Nervous    System. — Dr. 
Archambauk,  one  and  a  half  hours  a  week. 
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The  only  change  during  the  past  year  in  the  conduct  of  these 
courses  has  been  the  division  of  the  class  in  clinical  microscopy 
in  two  sections,  each  section  working  on  different  days  in  order 
to  allow  more  detailed  instruction.  The  time  devoted  to  the 
work  in  anatomy  and  pathology  of  the  nervous  system  has  been 
lengthened  for  the  year  1906-07  to  two  hours.  As  the  pathology 
of  the  nervous  system  will  in  the  future  be  more  fully  covered 
in  this  course,  the  time  given  general  pathology  has  been  short- 
ened to  seven  and  one  half  hours  a  week,  while  the  time  devoted 
to  normal  histology  has  been  limited  to  five  hours.  Both  these 
changes  were  necessary  also  in  order  to  give  place  in  the  sched- 
ules of  the  first  and  second  years  to  the  two  courses  in  experi- 
mental [diysiolc^y  to  be  inaugurated  this  year  under  the  direction 
of  Dr.  H.  C.  Jackson,  and  for  which  facilities  are  available  only 
in  this  laboratory. 

Among  those  who  have  availed  themselves  of  the  opportunity 
to  work  in  the  laboratory  for  considerable  periods  of  time  are. 
Dr.  D.  C.  Moriarta  of  Saratoga,  Dr.  Warren  B.  Stone  and  Mr. 
Rufus  T.  King  of  Schenectady,  Drs.  C.  B.  Hawn  and  J.  D.  Olin 
of  Albany,  Dr.  J.  S.  Purdy  of  Auburn,  Miss  H.  C.  Acheson  of 
Troy,  Messrs.  E.  E.  Tredway,  J.  F.  Robinson,  J.  H.  Linden, 
E.  W.  Fuller,  R.  P.  Harris,  N.  K.  Fromm,  E.  W.  Jackson,  G. 
S.  SiUiman  and  S.  P.  Brush  of  the  Albany  Medical  College,  and 
Mr.  J.  H.  Musser,  Jr.,  of  the  University  of  Pennsylvania.  These 
have  assisted  in  the  routine  work  of  the  laboratory,  pursued 
special  lines  of  study  or  engaged  in  research  work. 

Investigations  completed  during  the  year  are  as  follows: 

1.  McDonald,  Ellice,  Puerperal  Infection;  Report  of  Six  Cases 
Illustrating  its  Varied  Character.  American  Medicine,  1906, 
XI,  331. 

2.  Pearce,  R.  M.,  A  Further  Study  of  the  Experimental  Pro- 
duction of  Liver  Necrosis  by  the  Intravenous  Injection  of 
Hwnagglutinative  Sera.    Jour,  Med,  Research,  1906,  XIV,  541, 

3.  Pearce,  R.  M.,  Experimental  Myocarditis;  A  Study  of  the 
Histological  Changes  Following  Intravenous  Injections  of  Ad- 
renalin.    Jour.  Exper.  Med.,   1906,  VIII,  400. 

4.  Beilby,  G.  E.,  Affections  of  the  Thyroid  Gland ;  a  Clinical 
and  Pathological  Study.    Annals  of  Surgery,  1906,  XLIII,  805. 
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5.  Pease,  H.  D.,  and  Pearce,  R.  M.,  Liver  Necrosis  and  Vei^ious 
Thrombosis  in  Horses  Actively  Immunized  with  Difditheria  and 
Tetanus  Toxins  and  Streptococci  and  their  Products.  Jour. 
Jnfec,  Diseases,  1906,  III,  619. 

6.  Pearce,  R.  M.,  Regenerative  Changes  in  the  Liver ;  A  Study 
of  Experimental  Lesions  in  the  Dog.  Jour.  Med.  Research, 
1906,  XV,  99. 

7.  Macdonald,  W.  G.,  Practical  Bacteriological  Studies  in  the 
Surgical  Clinic.  Surgery,  Obstetrics  and  Gynecology,  1906,  III, 
216. 

8.  Archambault,  J.  L.,  and  Pearce,  R.  M.,  Tuberculosis  of  an 
Adenomyoma  of  the  Uterus.  Jour,  Am.  Med.  Assoc,  1906, 
XLVII,  768. 

9.  Pearce,  R.  M.,  and  Baldauf ,  L.  K.,  A  Note  on  the  Produc- 
tion of  Experimental  Vascular  Lesions  in  the  Rabbit  by  Single 
Injections  of  Adrenalin.    Am.  Jour.  Med.  Sciences  (in  press). 

10.  Baldauf,  L.  K.,  The  Chemistry  of  Atheroma  and  Calcifi- 
cation (Aorta).    Jour,  Med.  Research  (in  press). 

11.  Pearce,  R.  M.,  and  Jackson,  H.  C,  Concerning  the  Pro- 
duction of  Cytotoxic  Sera  by  the  Injection  of  Nucleoproteids. 
Jour.  Infect.  Diseases  (in  press). 

12.  Jackson,  H.  C,  and  Blackfan,  K.  D.,  Action  of  Certain 
Drugs  on  the  Elimination  of  Uric  Acid  During  a  Nitrogen-Free 
Diet.    Jour.  Am.  Med.  Assoc,  (in  press). 

13.  Schaible,  F.  G.,  Spontaneous  Amputation  of  an  Appendix 
Vermiformis  contained  in  a  Femoral  Hernia  Sac.  Albany  Medical 
Annals  (in  press). 

14.  Carey,  H.  W.,  A  Note  on  Embryonic  Glandular  Tiunors 
of  the  Kidney  with  Report  of  a  Case.  Albany  Medical  Annals 
(in  press). 

15.  Fromm,  N.  K.,  A  Report  of  Four  Instances  in  which  Giant 
Cells  Occurred  in  Unusual  Situations  with  a  Review  of  the  more 
Important  Literature  of  Giant  Cell  Formation.  Albany  Medical 
Annals  (in  press). 

'  16.  Laird,  A.  T.,   Malaria  with  General  Distribution  of  the 
Plasmodia.    Albany  Medical  Annals  (in  press). 

17.  Robinson,  J.  F.,  Exfoliative  Cystitis;  A  Case  Report. 
Albany  Medical  Anftals  (in  press). 

Of  these  investigations,  the  second,  third,  sixth,  ninth,  tenth 
and  eleventli  were  conducted  under  a  grant  from  the  Rockefeller 
Institute  for  Medical  R^aearch,  and  the  twelfth  under  a  g^ant 
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frcwn  the  committee  cm  scientific  research  of  the  American  Medi- 
cal Association.  Study  number  five  was  carried  but  in  collabora- 
tiori  with  the  Antitoxin  Laboratory  of  the  New  York  State 
Department  of  Health. 

Changes  in  the  Staff, — ^Dr.  L.  K.  Baldauf,  first  assistant  for 
the  past  year,  has  been  reappointed  for  the  year  1906-7.  Dr. 
¥L  D.  Blackfan,  after  one  year's  service  as  assistant,  has  re- 
signed, to  take  up  general  practice  in  Cambridge,  N.  Y.,  and  in 
his  stead  Frank  George  SchaiUe  (Albany  Medical  College, 
M.  D.,  1905)  has  been  appointed.  Dr.  La  Salle  Archambault 
is'  continued  as  assistant  in  Neuropathology.  Dr.  H.  E.  Robert- 
son, assistant  in  surgical  pathology,  resigned  May  i  in  order 
to  accept  a  position  as  assistant  resident  pathologist  at  the  Bos- 
ton City  Hospital,  Boston,  Mass.,  and  to  this  position  has  been 
appointed  John  Fletcher  Robinson  (Univ.  of  Michigan,  B.  A., 
1903,  Albany  Medical  College,  M.  D.,  1906). 

The  new  position  of  pathological  house  officer  to  the  Albany 
Hospital,  created  last  year,  was  occupied  first  by  Dr.  William  M. 
Dwyer,  and  later  by  Dr.  F.  G.  Schaiblc;  For  the  year  ending 
May  30,  1907,  C.  W.  Louis  Hacker  (Albany  Medical  Col- 
lege, M.  D.,  1905)  has  been  appointed  by  the  board  of  governors 
of  the  hospital. 

Mr.  Leonard  M.  Wachter,  for  several  years  assistant  chemist 
and  bacteriologist  in  charge  of  the  Albany  filtration  plant,  re- 
signed on  September  ist,  to  accept  a  position  in  the  laboratory 
of  the  New  York  State  Department  of  Health,  and  to  this  posi- 
tion, with  the  approval  of  the  water  bureau,  has  been  appointed 
Mr.  George  Edward  .Willcomb  (Massachusetts  Institute  of  Tech- 
nology, S.  B.,  1904). 

Improvements. — The  only  important  changes  have  been  the 
alteration  and  equipment  of  a  room  for  research  work  in  physio- 
logical chemistry  for  the  use  of  Dr.  H.  C.  Jackson,  and  the 
installation  of  a  one-half  horse  power  electric  motor  and  pump, 
in  order  to  supply  vacuum  and  air  pressure  for  general  labora- 
tory purposes. 

Gifts. — Through  the  generosity  of  Dr.  W.  G.  Macdonald,  one 
hundred  dollars  was  placed  at  our  disposal  for  the  purpose  of 
purchasing  a  polariscope.     The  great  value  of  this  gift  is  shown 
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in  the  fact  that  the  apparatus  has  already  made  possiUe  the  com* 
pletion  of  an  investigation  otherwise  impossiUe,  and  will  in  the 
future  serve  a  useful  purpose  in  both  the  teaching  and  the  routine 
work  of  the  laboratory. 

The  past  year  has  been  from  every  point  of  view  the  most  suc- 
cessful in  the  history  of  the  laboratory.  The  importance  of  our 
relation  to  the  hospitals  and  physicians  of  this  neighborhood,  as 
well  as  to  the  community  generally,  is  indicated  by  the  large 
number  and  variety  of  our  routine  examinations.  The  teaching 
courses,  now  ntmibering  six  and  next  year  to  be  increased  to 
eight,  have  been  most  satisfactory,  and  the  value  of  the  facilities 
thus  afforded  the  Albany  Medical  College  are  apparent.  The 
quantity  and  quality  of  our  research  work,  as  indicated  by  the 
foregoing  list  of  publications,  will,  I  trust,  appeal  to  you  as  of 
great  value  to  the  future,  not  only  of  the  Bender  Laboratory,  but 
also  to  the  medical  school  with  which  this  laboratory  is  affiliated. 
With  this  evidence  before  you  of  the  satisfactory  fulfilknent  of 
all  the  functions  of  a  laboratory,  I  earnestly  recommend  that 
every  effort  be  made  to  obtain  for  the  institution  an  adequate 
financial  support,  in  order  that  its  efficiency  may  not  be  curtailed 
or  its  development  hindered. 

RICHARD  M.  PEARCE, 

Director. 

September  i,  /pod. 
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NOTE. 

'T'HIS  volume  comprises  the  publications  of  the  Bender 
*  Hygienic  Laboratory  based  on  the  work  for  the  year 
ending  August  31,  1907.  Some  of  these  have  appeared  in  other 
journals,  but  for  the  sake  of  uniformity  have  been  reprinted 
from  the  Bender  Laboratory  Nimiber  (January,  1908)  of  the 
Albany  Medical  Annals.  The  object  of  again  presenting  these 
.studies  is  to  bring  them  in  collected  form  before  those  especially 
interested  in  the  laboratory  or  its  work. 

i"^-^  RICHARD  M.  PEARCE, 

"^  Director. 

The  Bender  Hygienic  Laboratory, 
Albany,  N.  Y.,  December,  1907.         ;' 
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George  E.  Willcomb,  S.  B. 
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(G»v#n  in  the  Bender  Laboratory,) 
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Pathology  and  Bacteriology 

Richard  M.  Pearce,  M.  D.,  Professor  of  Pathology  and  Bacterid 
ology 

Leon  K.  Baldauf,  M.  D.,  Instructor  in  Pathology  and  Bacteri- 
ology 

Frank  George  Schaible,  M.  D.,  Instructor  in  Pathology  and 
Bacteriology 

John  Fletcher  Robinson,  M.  D.,  Instructor  in  Pathology  and 
Bacteriology 

Hiatology 

George  E.  Beilby,  M.  D.,  Instructor  in  Histology 
Malcolm  Douglas,  M.  D.,  Voluntary  Assistant 

Surgical  Pathology 

Arthur  W.  Elting,  M.  D.,  Lecturer  on  Surgical  Pathology 
Harry  W.  Carey,  M.  D.,  Instructor  in  Surgical  Pathology 
Edwin  F.  Sibley,  M.  D.,  Instructor  in  Surgical  Pathology 

Clinical  Microscopy 

Arthur  T.  Laird,  M.  D.,  Lecturer  on  Clinical  Miscfoscopy 
Harry  Rulison,  M.  D.,  Instructor  in  Clinical  Microscopy 

Anatomy  and  Pathology  of  the  Norvoua  Syatom 

La  Salle  Archambault,  M.  D.,  Instructor  in  Neurology 

Anatomy  and  Pathology  off  Obatotrica 

H.  Judson  Lipes,  M.  D.,  Clinical  Professor  of  Obstetrics 
Malcolm  Douglas,  M.  D.,  Voluntary  Assistant 

Exporlmontal  Physiology  {2dymar) 
Holmes  C.  Jackson,  Ph.  D.,  Adjunct  Professor  of  Physiological 

Chemistry  and  Experimental  Physiology 
J.  F.  RoONEY,  M.  D.,  Instructor  in  Physiological  Chemistry  and 

Experimental  Physiology 

Domonatrationa  in  Phyaiolegy  itjt  year) 

Edward  W.  Becker,  M.  D.,  Instructor  in  Physiology, 
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<PtidinaI  Communications 

EXPERIMENTAL  LIVER  NECROSIS;  L  THE  HEXON 

BASES.^ 

By  holmes  C  JACKSON,  Ph.D., 

Adjunct  Professor  of  Physiological  Chemistry, 
AND 

RICHARD  M.  PEARCE,  M.D., 
Professor  of  Pathology  and  Bacteriology,  Albany  Medical  College. 

This  communication  is  the  first  of  a  series  of  five,  which 
presents  the  results  of  a  somewhat  comprehensive  investiga- 
tion of  the  chemical  changes  associated  with'  experimental 
liver  necrosis  and  which  includes,  in  addition  to  that  here 
presented,  studies  of  the  nitrogenous  metabolism,  nuclcin 
metabolism,  the  activity  of  the  intracellular  hepatic  enzymes 
and  the  changes  in  the  fats  and  lipoids  of  the  liver. 

The  advantage  of  undertaking  such  a  comprehensive  study 
was  suggested  by  the  investigations*  which  one  of  us  had 
previously  made  of  the  necrosis  caused  in  the  liver  of  the 
dog  by  the  intravenous  or  intraperitioneal  injection  of  hemag- 
glutinative  and  hemolytic  immune  sera.  The  lesions  so  pro- 
duced are  frequeiltly  focal  and  resemble  in  a  general  way 
those  of  eclampsia  while  the  diflfuse  lesions,  with  the  asso- 
ciated repair,  are  more  or  less  similar  to  certain  stages  of 
acute  yellow  atrophy.  It  seemed  plausible  therefore  that  a 
study  of  the  chemistry  of  such  lesions,  readily  produced 
experimentally,  might  throw  light  not  only  on  certain  func- 
tions of  the  liver  but  might  offer  new  knowledge  of  value  in 
explaining  some  of  the  problems  of  eclampsia,  acute  yellow 
atrophy  and  similar  lesions  in  man. 

The  study  of  the  hexon  bases  was  undertaken  in  the  hope 
of  determining  the  character  of  the  processes  underlying  the 
production  of  intra  vitam  autolysis.  We  have  therefore  at- 
tempted to  determine  the  relative  enzymotic  power  of  the 
normal  and  the  necrotic  liver  in  regard  to  the  synthesis  or 

^Conducted  nnder  grants  from  the  Rockefeller  Institute  for  Medical  Research. 
Read  by  title  before  the  Society  of  Experimental  Biology  and  Medicine,  New  York, 
March  20,  1907.     Pablished  also  in  Journal  of  Exp^rimtntol  Mtdicin*,  1907,  ix,  520. 

*  Pearoe,  R.  M.,  The  Experimental  Production  of  Liver  Necroses  by  the  Intravenous 
Injection  of  Haemagglutinins,  Jour,  of  Med.  Research,  1904,  xii,  329;  1906,  xiv,  541. 
Experimental  Cirrhosis  of  the  Liver,  Jour,  of  Exper.  Med.,   2906,  viii,  64. 
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decomposition  of  the  hexon  bases.  The  importance  of  these 
bodies,  as  products  of  autolysis,  has  been  emphasized  by 
Wakeman*  in  his  study  of  the  livers  of  dogs  poisoned  with 
phosphorus  or  repeatedly  anesthetized  with  chloroform.  In 
addition  to  the  study  of  fresh  tissues,  we  have  investigated 
also  the  changes  occurring  in  hexon  nitrogen  during  antisep- 
tic autolysis  of  liver  substance. 

The  experimental  lesions  under  consideration  may  be  de- 
scribed, without  going  into  detail,  as  hyaline  necroses  with 
little  or  no  leucocytic  reaction,  the  position  and  extent  of 
which  vary  according  to  the  amount  of  serum  administered 
and  the  resistance  of  the  animal.  Small  doses  causes  focal  lesions 
more  or  less  isolated  and  irregularly  distributed;  large  doses 
produce  a  diffuse  necrosis  which  spares  only  the  tissue  about 
the  larger  portal  spaces.  The  lesions  are  found  chiefly  near 
the  surface  of  the  liver,  but  may  occur  in  the  deeper  portions. 
In  animals  dying  within  a  few  hours  after  injection  and  before 
the  appearance  of  necrosis  an  intense  congestion  of  the  entire 
portal  system  exists  with,  in  the  liver,  innumerable  thrombi 
composed  of  fused  red  cells. 

In  addition  to  such  material  from  the  dog,  the  livers  of 
horses  presenting  degenerative  and  necrotic  lesions,  occurring 
in  the  course  of  immunization  with  various  bacterial  prod- 
ucts, have  also  been  utilized.  These  lesions,  which  have  been 
described  fully  elsewhere  by  Pease  and  Pearce*  and  more 
recently  by  Lewis,*  consist  of  widespread  necrosis  associated 
not  infrequently  with  an  extensive  deposition  of  amyloid  and 
usually  accompanied  by  hemorrhages. 

A  series  of  fifteen  livers,  eleven  from  the  dog  and  four  from 
the  horse,  has  been  examined.  Of  the  former,  five  were  nor- 
mal, four  showed  focal  necroses  and  two  diffuse  necrosis;  of 
the  latter  two  were  normal  and  two  were  examples  of  necrosis 
associated  with  extensive  amyloid  transformation. 

Methods. — As  a  necrotic  lesion  in  the  dog's  liver  reaches  its 
greatest  extent  in  twenty-four  to  forty-eight  hours  after  injec- 


*Wakeman,  A.  J.,  On  the  Hexon  Bases  of  Liver  Tissue  under  Normal  and  Certain 
Pathological  Conditions,  Jour,  of  Exper,  Mod.,   1905,  vii,  292. 

*  Pease,  H.  D.,  and  Pearce,  R.  M.,  Liver  Necrosis  and  Venous  Thrombosis  in 
Horses  Actively  Immunised  with  Diphtheria  and  Tetanus  Toxins  and  with  Strep- 
tococci and  their  Products,  Joum.  of  Infect.  Disoatet.   1906,  iii,  619. 

■  Lewis,  P.  A.,  Hemorrhagic  Hepatitis  in  Antitoxin  Horses,  Jour,  of  Med.  Researeh, 
X906,   XV,  449. 
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tion,  all  livers  used  in  the  study  of  the  hcxon  bases  were  taken 
from  animals  killed  at  the  end  of  the  latter  period.  In  the 
case  of  the  horses  the  livers  were  removed  within  one  hour 
after  death. 

After  cutting  away  the  larger  vessels  and  the  coarser  tissue 
about  the  hilum  the  organ  was  subdivided  and  passed  through 
the  hashing  machine.  Small  portions  were  weighed  and  set 
aside  for  drying  and  upon  these  total  nitrogen  estimations 
were  made  later.  At  the  same  time  two  portions  of  lOO 
grams  each  of  moist  liver  were  placed  in  flasks.  To  one,  600 
cubic  centimeters  of  water  and  300  grams  of  sulphuric  acid 
were  added  and  hydrolysis  carried  on  for  fourteen  hours  in 
a  paraffin  bath.  The  other  sample  was  suspended  in  600 
cubic  centimeters  of  water  and  with  it  were  thorpughly  mixed 
about  fifty  cubic  centimeters  of  toluol.  This  flask  plugged 
with  cotton  was  allowed  to  stand  at  room  temperature  for 
periods  of  one  or  two  months.  At  the  end  of  this  time  it  was 
examined  bacteriologically,  and  if  found  free  of  bacteria,  300 
grams  of  sulphuric  acid  were  added  and  the  material  hydro- 
lyzed  in  the  same  manner  as  the  control.  Subsequent  treat- 
ment was  carried  out  according  to  the  method  outlined  by 
Wakeman  except  that  the  process  was  continued  only  to  the 
point  of  making  nitrogen  determinations  of  fractions  "A" 
(arginin  and  histidin)  and  "  B  "  (lysin)  after  removal  of  the 
barium  and  silver  by  means  of  sulphuric  acid  and  hydrogen 
sulphide.  For  our  purpose  no  advantage  was  to  be  gained 
by  separating  arginin  and  histidin. 

Dry  Solid  Content. — ^An  examination  of  the  figures  in  the  table 
indicates  that  the  dry  solid  content  of  the  dog  livers  with 
scattered  focal  necroses  did  not  vary  from  the  normal  a^verage 
of  24  per  cent.  In  the  case  of  the  diffuse  lesions,  where  the 
autolysis  of  the  protoplasm  was  obviously  more  marked,  the 
dry  solids  were  reduced  to  an  average  of  20.8  per  cent.  The 
figures  referring  to  normal  livers  agree  somewhat  closely 
with  those  of  Wakeman,  who,  however,  noticed  a  slight  de- 
crease in  the  percentage  of  dry  substance  in  the  livers  of  dogs 
poisoned  by  phosphorus.  This  is  somewhat  surprising  since 
he  describes  these  livers  as  markedly  fatty.  If  the  proto- 
plasm of  which  seventy-five  per  cent,  is  water  is  replaced  by 
fat,  which  contains  none,  the  dry  solids  should  increase  instead 
of  decrease.    If  Wakeman's  figures  are  correct  they  show  a 
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marked  increase  in  the  water  content  of  the  organs  during 
phosphorus  poisoning.  That  such  an  increase  may  occur  did 
not  appear  in  our  investigation*  of  fatty  changes  in  the  liver. 

Total  Nitrogen  Content. — Several  interesting  facts  developed 
from  the  analysis  of  the  nitrogen  of  the  dry  solids.  The  ave- 
rage of  the  five  determinations  for  normal  tissue  was  11.3 
per  cent,  in  agreement  with  Wakeman;  while  that  of  the 
livers  with  lesions  of  a  scattered  focal  character  was  21.8 
per  cent. 

This,  of  course,  indicates  a  deposition  or  heaping-up  of 
nitrogenous  material  in  the  hepatic  cell.  That  such  a  pro- 
cess may  take  place  even  under  physiological  conditions  is 
evident  from  the  results  of  experiments  carried  out  by  Seitz.^ 
This  investigator  found  that  by  feeding  hens  and  geese 
excessive  amounts  of  meat  a  true  deposition  of  nitrogenous 
substances  occurred  in  the  cells  of  the  liver.  This  increase 
amounted  in  some  instances  to  300  per  cent. 

In  our  experiments  the  quantity  of  nitrogen  in  the  hepatic 
cell  was  almost  doubled  in  the  organs  with  scattered  necrotic 
lesions.  This  condition  allows  of  an  explanation  similar  to  that 
offered  for  the  infiltration  of  fat  in  tissues  during  phosphorus 
or  phloridzin  poisoning.  In  such  lesions  the  cells  have  lost 
in  part  their  power  to  oxidize  properly  the  sugar  or  other 
materials  placed  at  their  disposal  by  the  circulating  blood  and 
hence  the  starving  cell,  in  its  endeavor  to  spare  its  own  proto- 
plasm from  destruction,  stores  up  fat  for  purposes  of 
oxidization. 

That  the  cells  at  the  margin  of  the  necroses  under  con- 
sideration do  accumulate  fat  we  have  observed  in  our  study 
of  the  histological  changes  occurring  in  these  livers.*  It 
seems  distinctly  possible  that  during  the  initial  stage  of  con- 
gestion and  thrombosis  and  in  the  early  stages  of  necrosis, 
the  imperfectly  nourished  and  slightly  injured  cells  may  heap 
up  nitrogenous  material  also.  When,  however,  the  lesion  is 
more  extensive,  the  storing  up  of  nitrogen  is  not  so  evident 
as  shown  by  the  fact  that  the  nitrogen  of  the  dry  solids  re- 
mains more  nearly  normal.  This  is  to  be  explained  by  assum- 
ing that  the  nitrogen  stored  up  in  the  persisting  liver  cells  is 

•See  fifth  paper  of  this  seriet,  "The  Fati  and  Lipoida." 

'  Seitz,  W..  Die  Leber  ala  Vorratbakammer  fur  Eiweitsstoffe,  Arch,  f,  gts.  PhysicL, 
1906,   cxi,    309. 
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sufficient  to  more  than  balance  the  loss  by  autolysis  in  the 
necrotic  areas. 

Wakeman's  figures  for  the  nitrogen  content  of  livers  after 
phosphorus  poisoning  show  a  diminution  equivalent  to  35.6 
per  cent,  and  a  corresponding  decrease  in  the  hexon  base 
nitrogen.  This  indicates,  according  to  his  view,  that  that 
part  of  the  proteid  molecule  involving  the  hexon  bases  has 
not  undergone  a  relatively  greater  decomposition  than  the 
other  nitrogenous  substances.  It  would  seem  to  us  that  the 
low  nitrogen  content  of  the  phosphorus  livers  is  wholly,  or 
in  greatest  part,  due  to  the  large  amount  of  fat  present. 

The  Hexon  Bases, — ^Wakeman's  results  indicate  that  in  the  dog 
the  average  nitrogen  content  of  the  bases  in  the  normal  liver 
tissue  is  17.04  per  cent,  of  the  total  nitrogen,  while  in  the 
liver  of  dogs  poisoned  with  phosphorus  it  is  only  10.72,  a 
falling  off  of  37.1  per  cent.  The  livers  of  dogs  receiving 
chloroform  showed  13.6  per  cent.,  a  decrease  of  20  per  cent. 
In  these  figures  Wakeman  sees  evidence  of  increased  auto- 
lysis in  hepatic  cells  affected  by  phosphorus  or  chloroform. 
Although  he  mentions  definite  necrosis  in  but  one  of  his 
livers,  the  cell  destruction  in  phosphorus  poisoning,  gradual 
as  it  is,  is  such  that  our  results  ought  to  fall,  as  they  do, 
somewhat  into  line  with  his. 

Thus  as  an  average  of  three  normal  livers  we  find  the 
figures  concerning  the  total  content  of  hexon  bases,  based  on 
nitrogen  content  attributable  to  them,  to  be  15.9  per  cent. 
of  the  total  nitrogen.  In  the  case  of  the  scattered  focal 
necrosis,  the  percentage  is  slightly  decreased  to  11. 4  as  an 
average  of  four  determinations,  but  the  absolute  amount  is 
increased.  That  is  gram  for  gram  of  dry  substance  there 
occurs  an  increase  in  the  absolute  amount  of  hexon  bases 
which  however  appears  as  a  decrease  in  percentage  on  ac- 
count of  the  high  nitrogen  content  of  the  dry  substance. 

This  absolute  increase  in  hexon  content  of  dry  substance  is 
greater  and  more  clearly  accentuated  in  the  livers  of  those  dogs 
in  which  the  necrosis  is  more  diffuse.  Here  the  nitrogen  of  the 
dry  substance  is  almost  the  same  as  that  of  the  normal,  12.95  per 
cent,  as  average  of  two  determinations ;  but  the  hexon  base  nitro- 
gen content  rises  to  27.8  per  cent,  of  the  nitrogen  of  the  dry 
substance. 

This  observation  is  extremely  interesting  in  that  it  points  most 
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Strongly  to  the  preponderance  of  the  autoljrtic  process  over  Ae 
synthetic  in  the  more  widespread  forms  of  necrosis  with  early 
repair.  The  figures  show  a  definite  increase  in  the  hexon  base 
content  of  the  necrotic  cell,  although  the  accumulation  of  nitrogen 
in  this  lesion,  12.95  P^^  cent,  could  not  occur  to  such  a  marked 
extent  as  it  did  in  the  local  lesion,  21.8  per  cent.,  because  of  die 
lessened  number  of  persisting  living  cells  capable  of  storing  up 
nitrogen.  A  rearrangement  of  nitrog^i,  the  result  of  autolysis 
in  the  larger  areas  of  necrosis,  therefore  took  place  as  shown 
by  the  hexon  nitrogen  content  of  27.8  per  cent.,  as  compared 
with  that  of  1 1 44  per  cent,  in  the  focal  lesion  and  15.9  per  cent, 
in  the  normal.  This  great  increase  of  hexon  bases  may  be  due 
in  part  also  to  disturbances  of  the  circulation  accompanying  the 
necrosis  which  prevent  the  diffusion  and  removal  of  the  bases 
from  the  liver.  In  this  connection  attention  may  be  called  to 
Jacoby V  observations  that  leucin  and  tyrosin  are  not  found  in 
the  liver  of  phosphorus  poisoning  when  no  disturbance  of  the 
hepatic  circulation  exists. 

Relation  of  Precipitate  "  A  "  (Arginin  and  Histidin)  and  Pre- 
cipitate "  B  "  (Lysin)  to  the  Total  Hexons.—WBkemzn,  from  a 
consideration  of  his  results  on  these  fractions,  concludes  that 
in  the  autolysis  which  occurs  in  the  cell  in  phosphorus  poison- 
ing the  arginin  suffers  a  greater  destruction  than  do  the  other 
bases,  probably  through  the  action  of  arginase,  which  splits 
arginin  into  ornithin  and  urea.*  His  tables  show  that  of  the 
17.0  per  cent,  of  the  nitrogen  of  the  total  bases  in  the  normal 
tissues,  1 1.8  per  cent,  is  to  be  attributed  to  arginin  and  histidin  ^ 
and  5.2  to  lysin.  In  phosphorus  poisoning,  on  the  other  hand, 
the  nitrogen  of  the  bases  amounts  to  10.7  per  cent.,  of  which 
only  6.8  per  cent,  belongs  to  the  arginin  and  histidin  and  3w8 
per  cent,  to  the  lysin.  This  indicates  a  decrease  during  auto- 
lysis of  42.3  per  cent,  for  the  arginin  and  histidin,  but  only 
26.8  per  cent,  for  the  lysin. 

If ,  however,  one  considers  these  figures  from  the  standpoint 
of  the  relationship  which  the  precipitates  "A  "  and  "  B  "  bear 
to  the  total  hexon  bases  of  the  normal  and  phosphorus  dogs, 
an  entirely  different  view  is  obtained.    In  the  normal  tissue 


*Jtco^y,  M.,  Ueber  die  Bexiehungen  dcr  Leber  und  Bltitverandenuigeii  bet 
Pbotphorvergiftung   zur   Autolyse.   Zeit.   f,   physiol.   Chtm,,    1900,    xxx,    174. 

*KoMel,  A.,  and  Dmkin.  H.  D.,  Ueber  die  Arginaie,  Ztit,  f,  phyticoL  Chtm,, 
1904*   xli,   3«i. 
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precipitate  "A"  (arginin  and  histidin)  forms  69.6  per  cent 
and  precipitate  "  B  "  (lysin)  30.4  per  cent,  of  the  total  bases ; 
whereas  in  the  phosphorus  livers  the  former  is  63.9  per  cent, 
and  the  latter  36.1  per  cent.  Hence  the  decrease  in  the  frac- 
tion "  A  "  is  only  5.7  per  cent  and  this  is  offset  by  the  cor- 
responding increase  in  fraction  "  B."  This  diminution  in  the 
arginin  and  histidin  content  of  the  hexon  base  fraction  of  the 
livers  of  phosphorus-poisoned  animals  compared  with  the  nor- 
mal is  so  slight  that  it  hardly  seems  warrantable  to  attribute 
it  to  the  action  of  arginase. 

Our  figures  for  the  total  hexon  bases  (15.9  per  cent.)  in  the 
normal  agree  well  with  those  found  by  Wakeman  while  those 
for  the  focal  necroses  have  suffered  a  percentage  decrease 
which  is  somewhat  comparable  to  that  noticed  by  him  in 
phosphorus  poisoning.  Wakeman's  percentage  decrease, 
however,  was  also  an  absolute  one  while  ours  in  reality  was 
an  absolute  increase,  as  has  been  explained  above.  The  pro- 
portion which  precipitates  "  A "  and  "  B  "  bear  to  the  total 
is  markedly  different,  however,  from  that  which  he  notes. 
Our  average  in  the  normal  tissues  for  the  arginin  and  histidin 
fraction  Is  36.2  per  cent,  as  against  69.4;  the  lysin  fraction 
32.5  per  cent,  more  nearly  agrees  with  his  30.3  per  cent.  If 
we  exclude  the  purin  bases  our  results  become  more  com- 
parable and  agree  better  in  percentage. 

We  have  also  found  a  much  greater  percentage  of  the  total 
nitrogen  due  to  purin  bases.  Wakeman's  figures  show  an 
average  of  0.0273  per  cent,  for  normal  and  pathological,  while 
ours  showed  4.8  per  cent,  for  the  normal  tissue  against  2.2 
per  cent,  for  the  focal  necrotic  lesions  and  the  same  for  the 
diffuse  necrosis.  ' 

As  to  variations  which  the  individual  bases  undergo  in 
their  relation  to  the  total  bases,  our  results  point  to  an  in- 
crease from  the  normal  of  36.2  per  cent,  to  46.4  during  the 
focal  necrosis  and  to  50.8  per  cent,  during  diffuse  necrosis  for 
arginin  and  histidin.  The  lysin  fraction  shows  no  change  in 
the  focal  necroses  as  compared  with  the  normal,  but  in  the 
diffuse  necrosis  it  increased  24.3  per  cent  over  the  normal 
in  agreement  with  Wakeman. 

In  the  autolysis  in  vitro,  which  is  discussed  in  the  next  para- 
graph, the  normal  fraction  "  A "  represented  42.0  per  cent, 
of  the  whole  bases  and  fraction  "  B  "  42.8  per  cent.— differ- 
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ences  from  the  normal  which  are  well  within  the  limit  of 
error.  Hence  the  absolute  increase  from  6.0  and  5.3  in  the 
unautolyzed  to  8.0  and  8.2  per  cent  of  the  total  nitrogen  in 
the  tissue  after  autolysis  was  in  exact  relation  to  the  increase 
in  total  hexon  nitrogen.  The  same  is  true  for  the  autolyzed 
tissue  with  necrosis  of  all  types. 

This  would  emphasize  more  markedly  the  point  made  above 
that  small  evidence  can  be  adduced  to  show  that  an  enzyme, 
arginase,  is  acting  on  the  arginin,  decreasing  its  amount 
during  autolysis.  Such  action  is  not  shown  by  our  figures 
and  moreover  in  our  investigation  of  intracellular  hepatic 
enzymes^^  we  could  not  obtain  an  active  arginase  from  the 
necrotic  dog's  liver,  though  it  was  found  in  the  normal. 

Hexons  Resulting  from  Autolysis  in  Vitro. — It  seemed  worth 
while  in  view  of  the  investigation,  carried  on  synchronously, 
of  intracellular  hepatic  enzymes^^  to  determine  the  relation 
of  the  hexon  bases  to  autolysis  of  the  liver  in  vitro.  For  such 
observations  the  figures  given  above  for  autolysis  during  life 
serve  as  controls.  Autolysis  was  allowed  to  proceed  for  vary- 
ing lengths  of  time  in  the  endeavor  to  determine  whether 
the  different  organs  showed  varied  degrees  of  autolysis.  The 
periods  selected,  one  and  two  months,  were  inadequate  to 
bring  out  this  point,  since  the  autolysis  was  completed  or  the 
reaction  reached  its  equilibrium  before  one  month.  This  was 
unfortunate  as  we  thereby  disregarded  the  important  element, 
that  of  time,  in  this  connection.  The  time  element,  however, 
is  fully  considered  elsewhere**  from  another  point  of  view. 

A  glance  at  the  figures  in  the  table  shows  that  after  auto- 
lysis of  the  normal  organs  the  percentage  of  total  nitrogen 
as  hexon  nitrogen  was  19.0  per  cent,  as  an  average  of  four 
determinations.  This  increase  of  18.8  per  cent,  over  the  nor- 
mal hexon  content  is  not  marked,  and  if  one  examines  the 
figures  referring  to  the  two  dogs  (4  and  17)  upon  which 
alone  we  have  absolute  controls,  it  will  be  seen  that  this  in- 
crease is  variable. 

We  are  not  inclined  to  attempt  to  explain  this  result  in  de- 
tail in  this  place,  since  the  data  which  we  will  present  in  our 
study  of  the  enzymes  bear  more  decisively  upon  this  matter. 
Suffice  it  to  say  that  these  figures,  taken  in  connection  with 

>*  See  second  paper  of  thit  series,   "  Enzymes." 
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those  of  the  diffasdy  necrotic  organs  where  an  increase  also 
was  evident,  indicate  that  in  the  autolysis  a  transformation 
or  rearrangement  occurs  by  which  nitrogenous  atomic  com- 
plexes, not  normally  yielding  hexon  bases,  become  altered 
into  hexon  bases  or  their  combinations. 

In  all  degrees  of  necrosis,  the  autolyzed  material  contained 
a  smaller  amount  of  hexon  bases  than  the  unautolyzed.  In 
the  liver  with  scattered  focal  necroses  the  decrease  of  the 
hexon  nitrogen  in  per  cent,  of  the  total  nitrogen  amounted 
to  28.0  per  cent. ;  in  the  diffuse  necrosis  19.8  per  cent.  This 
would  seem  to  imply  that  in  the  living  tissue  the  hexon  split- 
ting enzyme  is  to  some  degree  inhibited,  probably  through 
the  action  of  the  blood  serunL 

Hexon  Bases  in  the  Liver  of  the  Horse. — ^The  results  obtained 
with  the  normal  livers  of  hordes  agree  in  regard  to  the  dry 
solids  (22.6  per  cent.)  and  the  nitrogen  of  the  dry  tissue 
(11.6  per  cent.)  with  those  obtained  for  the  dog.  The  nitro- 
gen precipitable  with  phosphotungstic  acid,  however,  is  sur- 
prisingly low,  amounting  to  only  8.3  per  cent.  It  would 
seem  inadvisable  to  attempt  an  explanation  of  this  difference, 
since  these  animals  were  not  absolutely  normal,  in  that  they 
had  been  utilized  for  the  purpose  of  preparing  antitoxin  and 
had  died  during  such  treatment,  though  no  lesions  were  found 
in  the  liver.  The  injection  of  bacterial  products  may  set 
up  processes  in  the  cell  which  tend  to  reduce  its  hexon  con- 
tent without  changes  evident  histologically.  The  percentage 
which  fractions  "A"  and  "B"  of  such  livers  bears  to  the 
total  hexon  content  is  not  far  removed  from  that  found  for 
each  in  the  case  of  the  normal  dog  liver. 

The  two  lesions  which  served  as  examples  of  necrosis  pre- 
sented the  complicating  feature  of  amyloid.  This  fact  renders 
the  series  not  exactly  comparable  to  the  previous  one.  The 
increase  in  nitrogen  of  the  dry  substanee  over  that  of  the 
normal  is  present  here  also,  and  the  total  hexon  base  nitro- 
gen has  increased  to  13.4  per  cent.  This  latter  result  may  jbe 
caused  by  the  heaping  up  of  the  bases  as  products  of  autolysis 
in  the  large  necrotic  areas.  More  probably,  however,  it  is 
to  be  attributed  to  the  amyloid  degeneration,  in  which  the 
normal  cellular  proteids  with  relatively  small  percentage 
(10-30  per  cent.)  of  diamino-nitrogen  are  replaced  by  amyloid, 
the  proteid  constituent  of  which,  in  the  liver  and  spleen  as 
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shown  by  Neuberg/*'  contains  twice  as  much  (50-60  per  cent) 
diamino-acid  nitrogen.  This  rearrangement  in  the  hexon  con- 
tent of  the  proteids  of  the  organ  has  also  resulted  in  a  marked 
change  in  the  relation  which  the  arginin  and  histidin  as  well  as 
the  lysin  bears  to  the  total  amount  of  hexon  base  precipitate. 
"A"  forms  only  15.2  per  cent,  and  precipitate  "  B  "  68.7  per 
cent,  of  the  whole  diamino-acid  nitrogen. 

SUMMARY. 

1.  The  liver  of  the  dog  in  which  necrosis  has  been  produced 
by  injection  of  hemotoxic  immune  sera  is  characterized  in 
the  less  marked  forms  by  a  storing  up  of  nitrogen  in  the 
persisting  living  cells,  while  in  the  diffuse  forms  the  total 
nitrogen  content  is  but  slightly  above  the  normal.  This  last 
is  to  be  explained  by  the  great  diminution  in  persisting  liycr 
substance  which  limits  the  power  of  nitrogen  accumulation. 

2.  In  all  forms  of  necrosis  there  occurs  an  absolute  increase 
of  nitrogen  precipitable  by  phosphotungstic  acid  (hexon 
bases)  but  the  percentage  increase,  in  relation  to  total  nitro- 
gen, diminishes  in  those  forms  (focal)  in  which  the  products 
of  autolysis  may  be  readily  carried  off  by  the  blood  stream 
and  greatly  increases  in  the  diffuse  form  with  large  areas  in 
which  the  circulation  is  seriously  impaired. 

3.  Although  the  absolute  amount  of  nitrogen  representing 
arginin  and  histidin  varies,  a  relative  increase  is  evident  when 
this  fraction  is  compared  with  the  total  diamino-nitrogen. 
This  increase  corresponds  to  the  degree  of  necrosis  and 
attendant  circulatory  disturbance  and  indicates  that  in  necrosis 
as  opposed  to  degeneration  (Wakeman)  arginin  is  not  split 
up  by  arginase.  The  lysin  also  bears  a  definite  relation  to  the 
total  hexon  nitrogen. 

4.  The  diamino-nitrogen  of  the  normal  liver  after  autolysis 
in  vUro  shows  a  slight  variable  increase  over  that  of  the  unauto- 
lyzed,  while  the  necrotic  livers  showed  a  decided  decrease. 

5.  The  diamino-acid  nitrogen  of  normal  horse  liver  is  only 
about  one-half  of  that  of  the  dog;  the  relative  proportion  of 
the  bases  is  about  the  same.  In  necrotic  livers  with  amyloid 
the  diamino-nitrogen  is  markedly  increased  which  is  in  accord 
with  Neuberg's  observations  on  the  high  hexon  base  content 
of  amyloid. 

>*Neiiberf,  Ueber  Amyloid,  V^rhumd,  d.  Dtui,  path.  GtuUsek,,   1904.  vU.   i9- 
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Conclusions. — Upon  the  whole  then  the  chemical  processes 
occarring  in  the  hepatic  cell  undergoing  rapid  or  immediate 
necrosis  and  those  accompanying  a  slow  "  degeneration/'  as 
for  example  in  phosphorus  poisoning,  must  be  different  and 
distinct  as  would  be  expected  from  the  histological  findings. 
In  necrosis  we  find  the  cell  in  a  complete  state  of  disorganiza- 
tion and  decomposition  and  hence  autolysis  begins  immedi- 
ately, but  in  the  changes  occurring  in  the  cell  in  the  so-called 
degenerations,  as  phosphorus  poisoning,  the  nucleus  remains 
intact,  thereby  insuring  to  a  certain  extent  the  life  or  at  least 
partial  function  of  the  cell.  That  under  the  latter  circumstance  a 
disturbed  condition  does  exist  is  evidenced  by  the  heaping 
up  of  fat  in  the  cell,  and  although  the  results  of  the  various 
investigations  upon  the  altered  processes  in  the  liver  of  ani- 
mals poisoned  with  phosphorus  tend  to  show  that  this  change 
is  an  autolysis,  in  which  certain  amino-acids  appear  as  the 
result  of  the  splitting  of  the  proteid  molecule,  it  is  not  of  the 
same  type  as  that  appearing  in  the  necrotic  cell.  This  is 
shown  by  a  comparison  of  Wakeman's  findings,  which  indi- 
cate definitely  a  diminution  of  hexons  in  the  liver,  with  ours 
which  show  a  great  increase. 

Examinations  of  the  human  liver,  by  a  direct  method  with- 
out hydrolysis,  but  few  in  number,  it  is  true,  tend  to  the  same 
conclusion.  Taylor,"  for  example,  found  arginin  in  a  liver 
with  widespread  necrosis,  the  result  apparently  of  chloroform 
poisoning;  from  seven  other  livers,  representing  various  lesions 
(dysenteric  abscess,  fatty  degeneration,  pyemia  and  acute  yellow 
atrophy),  he  was  unable  to  isolate  this  substance.  Soetbeer" 
also  was  unable  to  find  hexon  bases  in  a  pectdiar  type  of  cirrhosis 
with  acute  degeneration. 

This  difference  in  the  hexon  content  of  the  liver  of  "  degenera- 
tion "  and  that  of  necrosis  is  so  striking  that  it  would  appear  to 
be  due  to  a  difference  in  the  nature  or  rapidity  of  the  cell  destruc- 
tion, though  it  may  to  some  extent  be  explained  by  the  dis- 
turbances of  circulation  which  occur  in  the  necrosis  and  which, 
presumably,  are  absent  in  degeneration. 

^Taylor,  A.  E.,  Ueber  <Uf  VorkonuDen  too  Spahtmgtprodukten  der  EiweiMkorper 
in  der  degenerirten  Leber,  Z#t#,  /.  pkysioL  Chtm,,  190a,  xxxiv,  580.  On  the  Occur- 
rence of  Amino-eddt  in  Degenerated  Tiatne,  Univ,  of  California  Publications,  1904, 
i   iF9Xh.y,  4$- 

'*Soetb^»  F.,  Ueber  dnen  Ftn  Ton  aknten  Degeneration  det  Leberptrencbynn, 
Arch,  f.  OMPtr*  PaiK  «.  FAorm.,  1903,  1,  294, 
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Our  observations  show  also  tiiat  care  must  be  exercised  in 
drawing  conclusions  from  results  obtained  by  airtdysis  m  tntro. 
It  seems  distinctly  doubtful  whether  the  autdysis  of  the  cdl 
which  occurs  under  such  circumstances  has  any  relation  to 
autolytic  changes  during  life. 


EXPERIMENTAL  LIVER  NECROSIS;  II.  ENZYMES.* 

By  RICHARD  BL  PEARCE»  MJ)^ 
ProfcMor  of  PathoktT  ftnd  Baderiolocjr* 
AND 

HOLMES  C  JACKSON,  Ph.D^ 
Adjunct  ProfcMor  of  Physiologiaa  Chemistry,  Albtny  Mcdkal  OdkflB. 

The  experiments  about  to  be  described  represent  an  attempt 
to  determine  the  relation  of  the  intracellular  hepatic  enzymes 
to  chemical  changes  occurring  in  liver  necrosis.  Our  results  are 
based  on  a  comparison  of  the  variations  in  the  enzymotic  equi- 
libritun  of  the  normal  hepatic  cells  with  those  occurring  in  necrosis 
of  varying  grades  of  severity.  At  present  the  chief  and  most 
promising  method  of  detecting  such  variations  c<msists  in  de- 
termining by  means  of  post-mortem  autolysis  the  condition  under 
which  the  cell  is  existing  at  the  time  of  tht  death  of  the  animal, 
and  the  rapidity,  nature  and  extent  of  the  changes  which  occur 
after  the  commencement  of  the  autolysis.  We  are  well  aware 
that  the  interpretation  of  the  results  of  post-mortem  autolysis 
in  relation  to  cellular  activity  during  life  is  open  to  objection 
and  may  not  have  the  importance  usually  ascribed  to  it. 

Our  investigation  of  the  enzymotic  activity  of  the  liver  tissue 
tmder  normal  circumstances  and  in  varying  degrees  of  necrosis 
may  naturally  be  subdivided  as  follows: 

1.  A  determination  in  a  quantitative  way  of  the  degree  of 
autolysis  which  the  tissue  undergoes  after  death. 

2.  A  study  of  the  individual  enzymes  with  reference  to  the  part 
which  they  play  in  the  general  course  of  autolysis. 

3.  A  determination  of  the  products  formed  as  the  result  of 

^Condticted  under  frantt  from  the  Rockefeller  Inttitute  for  Medical  Retearch. 
Read  by  title  before  the  Aatociation  of  American  Phjrticiana,  ^  Waahington,  Maj  9» 
1907.    Pabliahed  alto  in  Jowmal  of  BMptrimsntal  Mtdicino,   1907,  Ix,  S34* 
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such  autolysis.  These  include  the  diamino-acids,  which  have 
been  considered  in  the  preceding  paper,*  where  they  more 
properly  belong,  and  the  monamino-acids  to  which,  as  repre- 
sented by  leucin  and  tyrosin,  we  have  given  considerable  atten- 
tion. It  was  our  intention  to  determine,  by  perfusion  of  livers 
in  various  stages  of  necrosis,  the  changes  in  the  composition  of 
the  blood  which  might  occur,  but  owing  to  the  great  amount  of 
labor  entailed  in  the  present  studies  ihis  has  been  unavoidably 
postponed. 

ComparaHve  Estimation  of  Products  of  Autolysis. — ^In  die 
study  of  the  changes  which  the  nitrogenous  material  undergoes 
during  autdysis  in  vitro  an  attempt  was  made  to  carry  out  a 
partition  analysis  of  the  non-coagulable  nitrogen.  This  method 
has  already  been  employed  with  good  results  by  v.  Drjewezld' 
to  determine  the  effect  of  alkalies  of  varying  strengths  upon 
autolysis.  His  results,  as  well  as  those  of  Wiener,^  point  to  the 
sensitiveness  of  the  autolytic  enzymes  to  changes  in  reaction, 
especially  those  due  to  alkalies,  and  these  investigators  conclude 
that  the  alkalies  of  the  serum  are  responsible  for  the  well-known 
inhibitory  effect  of  the  serum  upon  autolysis.  Baer*  and  his 
associate,  Loeb,*  admit  the  inhibitory  effect  of  the  serum  but  are 
inclined  to  attribute  it  to  the  action  of  the  serum  globulin. 

These  facts,  as  well  as  those  brought  out  by  Lang,^  concern- 
ing the  inhibitory  effect  of  large  quantities  of  toluol  upon 
autolytic  processes,  although  other  factors  may  have  influenced 
the  results  of  the  latter,  all  tend  to  emphasize  the  fact  that  in 
performing  experiments  of  this  diaracter  too  mudi  attention  can- 
not be  given  to  the  attainment  of  absolutely  comparable  con- 
ditions in  all  the  various  experiments.  With  these  points  in  mind 
we  have  endeavored  to  control  our  work  in  every  way,  as  is 
shown  in  the  following  detail  of  the  experiments. 

Quantities  of  the  fresh  tissue  of  known  weight  were  ground  to 
such  a  state  of  subdivision  that  when  mixed  with  water  or  neutral 

*See  firtt  paper  of  this  tenet,  "Hexon  Bttet." 

*  T.  Drjewetki,  A.,  Ueber  den  Einflntt  der  tlkalitchen  Retktion  auf  die  autolytitchea 
Vorginse  in  der  Leber,  Biochtm,  Zeit.,  1906,  i,  229. 

«  Wiener,  H.,  Ueber  den  Einflutt  der  Retktion  tuf  autolytitche  Vorginge,  Ztnt.  f, 
PhysioL,  1905,  xix,  349. 

*Bter,  J.,  Ueber  die  V^rkmig  det  Sertimt  tuf  die  intrtcenultren  Fermentt,  Arch, 
f,  9MPw,  Paik,  «.  Phorm.,  1906,  Ivi,  68. 

*Bter,  J.  and  Loeb,  A.,  Ueber  die  Bedingungen  der  antolTtitchen  Eiweitttptltung 
in  der  Leber,  AreK  f,  9*p€r,  PaiK  u,  Pharm,,  190s*  liii.  i. 

*Lang,  S.^  Ueber  detamidiening  im  TierkSrper,  Btit,  m,  chtm.  Physiol,  u.  Path,, 
X904»  ▼.  3«x. 
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Ringer's  solution  the  mixture  could  be  readily  drawn  up  in  a 
pipette.  This  mixture,  usually  consisting  of  two  hundred  grams 
of  liver,  was  made  up  to  1,200  cubic  centimeters  and  placed  in 
a  sterile  flask  and  the  mixture  covered  with  a  layer  of  toluol. 
This  latter  substance  was  well  shaken  in,  after  which  were 
pipetted  off,  as  controls,  two  samples  of  two  hundred  cutric  centi- 
meters each.  Both  were  thoroughly  sterilized  in  the  autoclave 
in  order  to  stop  autolysis;  one  was  examined  immediately,  as  an 
initial  control,  the  other  was  placed  with  the  original  mixture 
in  the  thermostat  (37.5^  C.)  and  examined  at  the  conclusion  of 
the  experiment  as  a  final  control.  The  material  in  the  thermostat 
was  shaken  from  time  to  time  and  at  intervals  of  one,  three,  five 
and  eight  days  samples  of  the  main  mixture  were  removed  for 
analysis  by  the  same  method  as  the  controls.  The  analysis  of 
the  samples,  after  they  were  shown  to  be  bacteria  free,*  took 
place  in  the  following  manner: 

The  mixture  was  pipetted  into  a  beaker  and  sufficient  water 
was  added  to  allow  of  easy  coagulation  of  the  proteid  material 
present.  Acetic  acid  was  added  to  slightly  acid  reaction  after 
the  boiling  point  was  reached.  The  coagulated  proteid  was  re- 
moved by  filtration  and  repeatedly  and  thoroughly  washed  with 
boiling  water.  The  volume  of  the  filtrate  and  washings  was  made 
up  to  eight  hundred  cubic  centimeters.  Of  this,  twenty-five 
cubic  centimeters  served  for  the  determination  of  the  total  nitro- 
gen by  the  Kjeldahl-Gunning  method,  one  hundred  for  the  esti- 
mation of  ammonia  according  to  the  method  of  Shaffer  as 
applied  to  the  urine,  one  hundred  for  the  uric  acid  determi- 
nation, using  the  Hppkins-Folin  method,  and  fifty  to  determine 
the  amount  of  nitrogen  not  precipitable  by  phosphotungstic  acid 
in  sulphuric  acid  solution,  the  so-called  monamino-nitrogen.  An 
attempt  was  also  made  to  determine  the  nitrogen  precipitable 
(proteoses)  by  zinc  sulphate  but  our  results  are  so  incomplete 
that  little  can  be  gained  from  their  discussion.  In  all  cases  dupli- 
cate determinations  were  made  and  the  figures  given  represent 
their  average.    Dogs  were  employed  in  all  experiments. 

In  Table  I  are  presented  the  results  of  the  nine  experiments  which  dif- 
fered in  their  conditions  for  the  purposes  of  control,  as  follows: 

Two  normal  livers  (53  and  54)  with  their  usual  blood  conttot,  the 
diluting  fluid  of  one  being  distilled  water  and  of  the  other  neutral  Ringer's 

*For  thit  purpose  it  was  deemed  suffident  merely  to  eramine  stained  films  tltongfa 
when  the  final  sample  of  each  mixture  was  taken  cultures  were  made.  In  this  series 
representing  nine  lirers  no  contamination  occurred. 
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solution.  This  solution  was  prepared  in  the  ordinary  way  with  the  ex- 
ception that  the  sodium  bicarbonate  was  not  added  in  order  to  avoid  an 
alkaline  medium. 

Two  normal  livers  (53  and  58)  washed  in  situ,  the  one  with  water  and 
the  other  with  neutral  Ringer's  solution. 

One  necrotic  liver  four  hours  after  injection  (57).  An  attempt  was 
made  to  wash  this  liver  with  water  but  on  account  of  the  extensive 
thrombosis  it  was  only  partly  successful.  It  is  therefore  referred  to  as 
''half washed." 

Two  necrotic  livers  forty-eight  hours  after  injection  (48  and  56) ;  one 
unwashed  diluted  with  water;  the  other  washed  and  diluted  with  neutral 
Ringer's  solution. 

Two  livers  (43  and  49)  five  days  after  injection,  both  showing  necrotic 
lesions  with  early  repair;  one  washed  and  diluted  with  Ringer's,  the 
other  unwashed  but  diluted  with  water. 

In  each  instance  in  which  the  livers  were  washed  the  procedure 
was  begun  under  ether  while  the  animal  was  alive.  With  the 
excepticm  noted  the  livers  were  completely  blanched  save  for 
slightly  tinged  areas  about  the  more  diffuse  foci  of  necrosis. 

The  results  in  Table  I,  in  terms  of  nitrogen,  are  expressed  in 
percentages  of  the  total  nitrogen  of  the  dry  tissue  and  of  the 
total  non-coagulable  nitrogen.  A  critical  consideration  of  the 
figures  presented  allows  of  the  following  statements : 

Non-coagulable  Nitrogen. — The  inhibiting  effect  of  the  blood 
serum  upon  the  extent  of  the  autolysis  of  both  normal  and  necro- 
tic tissue  is  decisively  shown.  The  percentage  of  non-coagulable 
nitrogen  in  the  case  of  the  unwashed  normal  organs  increased 
from  10.7  and  9.7  to  19.9  and  29.1  per  cent,  respectively,  an  in- 
ciease  of  100  and  200  per  cent,  on  the  eighth  day;  while  in  the 
washed  normal  livers  the  average  increase  at  the  eighth  day 
amounted  to  450  per  cent.  The  increase  in  the  five  day  necrotic 
unwashed  liver  was  127  per  cent.;  that  of  the  washed  tissue 
349  per  cent.  The  forty-eight  hour  washed  tissue  (Dog  56) 
with  a  very  extensive  necrosis,  showed  the  greatest  increase, 
equivalent  to  856  per  cent,  of  the  control.  The  increase  of  the 
four  hour  experiment  (congestion  and  thrombosis)  hardly 
equaled  that  of  the  washed  normal. 

.Wherever  water  was  employed  in  washing  or  in  diluting,  the 
autolysis  was  distinctly  less  than  when  neutral  Ringer  was  used. 
(Compare  Dogs  52  and  54.) 

G>nceming  the  rapidity  of  the  autolysis,  it  may  be  noticed 
that,  though  the  initial  increase  during  the  first  day  in  the  case 
of  the  unwashed  tissues  is  but  one-half  of  that  of  the  washed. 
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it  represents,  as  does  also  the  increase  of  the  washed,  fifty  per 
cent,  of  the  total  autolysis.  On  the  third  day,  however,  the 
autolysis  has  reached  its  maximum  in  the  unwashed  tissues, 
while  the  washed  organs  continue  to  increase  until  the  eighth 
day,  when  the  autolysis  in  their  case  is  also  apparently  complete. 

In  the  forty-eight  hour  lesions  in  which,  histologically,  the 
autolysis  of  the  necrotic  areas  would  appear  to  be  at  its  height, 
we  see  that  the  autdytic  processes  in  vitro  were  also  very  active. 
The  increase  at  the  end  of  the  eighth  day  in  the  unwashed  liver 
(Dog  48)  was  about  150  per  cent.,  but  after  the  removal  of  the 
inhibitory  action  of  the  blood  (Dog  56)  the  increase  rose  to 
almost  900  per  cent.  The  same  thing  is  evident  in  the  fifth  day 
lesions  but  is  not  so  pronounced. 

The  rapidity  with  which  the  autolysis  reaches  its  maximum 
is  of  course  dependent  upon  various  factors.  The  attainment 
of  the  maximum  signifies  that  the  reaction  velocities  of  the 
system,  made  up  of  substrat,  hydrdytic  agent  and  enzyme,  have 
reached  an  equilibrium,  caused,  no  doubt,  by  the  non-removal 
of  the  products  of  autolysis.  Since  we  must  assume  that  the 
substrat  and  enzyme  are  the  same  in  the  normal  tissues  of  both 
washed  and  unwashed  organs,  the  varying  factor  must  c(msist 
in  the  hydrolysis  which,  from  the  woilc  of  Wiener,  seems  un- 
doubtedly due  to  the  unneutralized  acids  formed  during  autolysis 
as  first  described  by  Magnus-Levy.*  The  adds  which  are  formed 
in  the  normal  metabolism  of  the  cells  are  neutralized  by  the 
ammonia  and  excess  of  bases  in  the  blood;  hence  autolysis  does 
not  occur  in  the  living  cell.  As  soon  as  the  serum  with  its 
neutralizing  power  is  removed,  as  in  the  washed  organs  or  where 
the  acids  use  up  the  excess  of  bases  as  in  the  center  of  a  large 
area  of  necrosis,  the  conditions  necessary  for  autolysis  are  present 
and  hydrolysis  of  the  substrat  protoplasm  takes  place. 

Phosphotungstate  Filtrate  Nitrogen  (Monamino-acids). — ^The 
phosphotungstate  precipitate  has  been  disregarded  here,  for,  as 
it  consists  of  jdiamino-nitrogen  it  has  been  sufficiently  covered 
in  the  autolysis  experiments  in  connection  with  the  study  of  the 
hexon  bases.** 

By  far  the  major  portion  of  the  nitrogen  m  the  filtrate  is  in 

*  Magntit-LeTy,  A.,  Ueber  di«  Siurehildung  bei  der  Antoljte  der  Leber,  B#ftf.  «. 
Chtm,  PkynoL  ••  Path.,  t90J,  U,  j6t. 
>*See  fint  fwper  of  this  teriet,  "Hexon  Bates." 
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the  form  of  monamino-adds."  The  table  indicates  the  percent- 
age of  the  fraction  in  tenns  of  the  total  nitrogen  of  the  tissue 
as  well  as  of  the  total  noo-coagulable  nitrogen.  Our  figures  for 
the  controls  indicate  that  in  the  normal  tissue,  washed  or  un- 
washed, 4.2  to  74  per  cent  of  the  total  nitrogen  is  to  be  attributed 
to  nitrogen  not  precipitaUe  with  {rfiosphotungstic  acid.  Of  the 
forty-eight  hour  lesions,  that  with  the  most  marked  diffuse 
necrosis  (Dog  48)  showed  10.7  per  cent,  of  the  total  nitrogen 
in  that  form,  while  the  other^  of  the  focal  type  (Dog  56),  had 
only  3.6  per  cent,  or  slightly  less  than  the  lowest  of  the  normal 
figures.  Also,  in  the  first  of  this  pair,  81.1  per  cent  of  the  non- 
coagulable  nitrogen  was  in  the  form  of  monamino-acid  while 
the  other  showed  only  43.0,  again  somewhat  less  than  normal. 

These  two  experiments  illustrate  most  decisively  the  point 
which  Taylor's^'  results  seem  to  indicate.  That  is,  there  is  an 
absence  of  monamino-acids  in  pathological  conditions  of  the  liver 
accompanied  by  little  or  no  necrosis,  while  in  necrosis  of  the 
diffuse  type  both  the  monamino-  and  diamino-acids  are  present 
We  have  elsewhere"  suggested  that  the  relation  of  circulatory 
disturbances  to  the  removal  of  the  products  of  autolysis  is  an 
all-important  factor.  This  is  further  supported  by  the  two  ex- 
periments under  discussion  which  indicate  that  the  organ  with 
the  focal  lesions  contained  no  more  monamino-nitrogen  than 
did  the  normal  tissue.  In  this  case  the  circulation  was  very 
slightly,  if  at  all,  impaired,  and  these  acids,  if  they  were  formed, 
were  removed  immediately  by  the  blood  stream.  In  Experiment 
48  the  large  necrotic  areas,  the  centers  of  which  were  remote 
from  circulatory  fluids,  held  the  acids  as  they  were  produced. 
That  these  substances  are  produced  in  autolysis  of  this  type 
in  vivo  in  large  quantities  is  also  indicated  by  the  fact  that  81.  i 
per  cent,  of  the  non-coagulable  nitrogen  of  this  liver  was  present 
in  the  fresh  tissue  as  nitrogen  non-precipitable  with  phos- 
photungstic  acid.  This  value  approaches  that  found  in  all  the 
other  cases  after  autolysis  in  vitro  has  proceeded  for  from  one  to 
three  days. 

"▼.  Drjewesld,  A.,  Ucber  den  Einflva  der  alkatttcheii  Reaktkm  attf  die  autolytb- 
cbea  Vorgifife  in  der  Leber,  Bioch^m,  Ztii,,  1906,  i,  JJ9. 

''Taylor,  A.  E.,  Ucber  dai  Vorkommen  von  Speltnngaprodnlrten  der  Etweiaekorper 
in  der  decenerirtcn  Leber,  Z^U,  f,  pkysioU  Chem,,  1902,  xjodr,  s^  On  tlie 
Occnrrence  of  Amino-adda  in  Degenerated  Tiaaoe,  Unw,  of  Calif omia  Publications, 
I904,  i  (Path.),  43. 

''See  firat  |>aper  of  tbia  aeriea,  "  Hexon  Baaea." 
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The  control  figures  of  the  five  day  necrosis,  as  shown  by  Ex- 
periments 43  and  49,  also  indicate  a  high  percentage  of  the  total 
nitrogen  of  the  tissue  as  monamino-nitrogen.  As,  however,  an 
unusually  large  amount  of  the  total  nitrogen  occurs  in  non- 
coagulable  form  the  percentage  relation  of  the  monamino  acids 
to  the  latter  is  about  normal.  These  lesions  were  very  extensive 
but  of  the  focal  type  and  the  cells  at  the  fifth  day  were  under- 
going repair.  Hence,  although  autolytic  processes  were  going 
on  in  the  tissue  at  that  time,  the  products  were  removed  as  fast 
as  they  were  formed  and  no  increase  in  amount  occurred  in  the 
organ. 

The  same  differences  in  the  velocity^  and  degree  of  autolysis 
in  vitro  between  the  washed  and  unwashed  organs  are  also  very 
evident  and  require  no  discussion  since  they  are  due  to  the  same 
causes.  It  is  interesting  to  note  that  the  nitrogen  occurring  as 
monamino-acids  reaches  at  the  end  of  the  first  day  about  80 
per  cent,  of  the  non-coagulable  nitrogen  and  then  although  auto- 
lysis may  greatljr  increase,  their  formation  increases  only  in  the 
same  proportion.  The  exception  to  this  is  in  case  of  Dog  48, 
already  discussed,  where  the  percentage  was  high  in  the  tissue 
itself  and  remained  at  the  same  level  during  autolysis  in  vitro. 
This  would  seem  to  point  to  the  fact  that  as  far  as  monamino- 
acids  are  concerned  their  formation  in  autolysis  intra  vitam 
occurs  in  the  same  manner  and  by  the  same  chemical  processes 
as  they  do  in  autolysis  in  vitro. 

V.  Drjewezki  found  that  at  the  end  of  seventy-two  hours 
autolysis  the  monamino-acids  took  up  about  sixty  per  cent  of 
the  total  nitrogen  of  the  tissue.  This  figure  is  somewhat  higher 
than  we  obtain  at  this  stage  of  autolysis  but  in  some  instances 
it  was  reached  on  the  fifth  or  eighth  day. 

Ammonia. — ^As  a  result  of  the  work  of  Loewi,**  Jacoby,^* 
Lang  and  others,  considerable  interest  has  become  attached  to 
the  power  of  the  surviving  liver  tissue  to  produce  anunonia, 
especially  in  view  of  the  current  opinion  as  to  the  importance 
of  this  product,  after  it  has  been  split  off  from  the  amino-acids, 
as  a  step  in  the  formation  of  urea.  This  interest  has  been 
heightened  by  the  appearance  of  ammonia  in  increased  absolute 
and  percentage  amounts  in  the  urine  in  certain  hepatic  disorders, 
thus  apparently  bringing  these  matters  into  correlation. 

^Loem,  O.,  Ueber  dai  Harnttoffbildende  Ferment  der  Leber*  ZtU.  f,  pkytiol. 
Chtm.,  1893,  xxT,  s"« 

'*jAooby.  II.,  Ueber  die  fermentative  EtweiMspeltung  und  Ammoniakbildunff  in 
der  Leber,  Z#cr.  f.  fkytiol,  Chtm.,  1900.  xxx,  149. 
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We  have  studied  the  questicm  in  two  ways.  First,  in  connec- 
tion with  the  nitrogen  partition  of  the  autdjrsis  now  under  dis- 
cussion, and  secondly,  after  the  manner  of  the  discoverer^*  of 
the  ammonia-forming  power  of  the  liver.  This  latter  part  of 
the  work  will  be  discussed  separately. 

In  the  partiticm  tables  it  is  seen  that  although  the  ammonia 
content  of  the  necrotic  livers  is  greater  than  that  of  the  normal 
it  runs  parallel  with  the  increase  in  the  amount  of  ncm-coagulable 
nitrogen,  Hence  the  percentage  figures  show  no  r^^ar  increase 
or  diminution  though  variations  occur  owing  to  the  large  limit 
of  error  dependent  on  the  small  amounts  of  ammonia  formed. 
A  comparison  of  a  forty-eight  hour  necrotic  liver  (56),  which 
offers  an  exception  to  the  above  statement,  in  that  it  shows  a 
progressive  diminution  with  a  normal  washed  liver  (53),  is 
instructive.  In  53  the  normal  percentage  of  ammonia  of  the  ncm- 
coagulable  nitrogen  runs  akmg  about  four  per  cent,  through- 
out the  experiment.  In  56,  however,  the  control  shows  a  high 
initial  ammonia  content  (10.2),  which  on  the  tfiird  day  dropped 
to  that  of  the  normal  washed  liver  (53)  and  remained  at  that 
level  to  the  end  of  the  experiment 

We  explain  this  variation  in  the  ammonia  formation  by 
the  assumption  that  this  tissue  contained  intra  vitam,  as  the 
result  of  the  necrosis,  proportionately  larger  amounts  of  am- 
monia liberating  compounds  than  the  normal.  As,  however, 
the  autolysis  proceeded  less  of  these  products  were  formed 
in  relation  to  the  non-coagulable  nitrogen  than  was  the  case 
in  the  autolysis  of  the  normal.  Hence  the  percentage  figure 
dropped.  Or  if  we  allow  for  the  initial  difference  we  find 
that  the  percentage  increase  is  the  same  in  both  cases. 

The  great  increase  in  the  amount  of  non-coagulable  nitro- 
gen which  occurred  between  the  first  and  third  day  (18.5  to 
65.1  per  cent.)  in  Dog  56  could  not  have  included  the  forma- 
tion of  ammonia  compounds,  since  the  increase  of  these  latter 
bodies  in  relation  to  the  total  nitrogen  was  so  slight  that 
there  occurred  an  actual  percentage  decrease  in  relation  to 
the  non-coagulable  nitrogen. 

All  this  would  seem  to  indicate  that  the  production  of  am- 
monia which  occurs  in  the  autolysis  of  the  liver  in  vitro  is 
the  result  of  a  decomposition  of  coagulable  nitrogen  in  the 

>*Jaoo1»y,  M.,  Ueber  die  fennenUtiTe  Biwdswpaltung  tmd  Ammoniikbildtiiig  in 
der  Leber,  Zeit,  f,  physiol.  Cktm,,  1900,  xxx,  149. 
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cell.  That  is  deamidization  of  the  amino-acids  and  the  split- 
ting of  urea  does  not  take  place  to  any  greater  extent  in  the 
necrotic  tissue  undergoing  autolysis  than  it  does  in  the  normal. 
Separate  Ammonia  Determinations. — ^These  experiments  were 
some  of  the  earlier  ones  performed  and  were  carried  out  after 
the  fashion  of  the  investigations  reported  by  Jacoby.  A 
weighed  amount,  200  grams,  of  the  finely  divided  fresh  liver 
tissue  was  made  up  to  600  cubic  centimeters  with  distilled 
water  and  the  well-mixed  fluid  divided  into  twelve  equal 
parts.  Four  of  these  samples  were  sterilized  immediately 
for  controls.  Two  were  analyzed  at  once  as  initial  controls, 
while  two,  for  the  purpose  of  final  controls,  were  placed  with 

TABLE  II. 

Ammonia, 

Percentage  increase  at  the  end  of  ten  days. 
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the  remainder  of  the  portions  in  the  thermostat.  At  varying 
periods,  duplicate  samples  were  removed  for  analysis.  The 
ammonia  was  determined  according  to  a  modification  of 
Shaffer's  method  for  the  urine.  The  accompanying  diagram 
indicates  in  a  schematic  way  the  results  of  the  experiments. 

It  is  somewhat  difficult  to  make  comparison  of  these  results 
with  those  just  reported  in  the  partition  series  since  we  have 
no  determination  of  the  amount  of  non-coagulable  nitrogen 
at  the  various  periods;  hence  the  figures  represent  only  the 
percentage  increase  of  ammonia  nitrogen  based  on  its  amount 
in  the  control  sample.  Although  Jacoby  gives  in  his  tables 
only  the  amount  of  ammonia  nitrogen  formed  without  taking 
into  consideration  the  question  of  dry  solids  and  nitrogen  of 
the  dry  residue,  a  recalculation  of  his  figures  from  average 
results  of  our  normal  livers  indicates  that  more  ammonia 
nitrogen  was  formed  in  our  experiments  than  in  his.  On 
the  other  hand,  however,  our  figures  are  not  as  high  as  those 
reported  by  Soetbeer.**  In  opposition  to  the  partition  series, 
our  figures  indicate  a  larger  amount  of  ammonium  compounds 
in  the  initial  control  sample  of  the  normal  tissue  than  in 
those  with  varying  degrees  of  necrosis  and  degeneration. 
This  seeming  anomaly  we  are  unable  to  understand  or  explain. 
As,  however,  the  percentage  increase  figures  upon  which  the 
diagram  is  calculated  are  based  upon  the  initial  control  as 
zero,  the  variable  and  anomalous  control  factor  is  excluded. 

Considered  in  this  way  it  will  be  seen  that  the  three  nor- 
mals showed  an  increase  of  ammonia-nitrogen  over  the  con- 
trol of  from  378  to  396  per  cent.,  an  agreement  which  serves 
well  as  a  basis  for  comparison  of  the  experiments  on  necrotic 
and  degenerated  tissue.  In  the  case  of  the  focal  necroses  the 
increase  is  less  than  the  normal,  amounting  only  to  265  to 
290  per  cent.  On  the  other  hand,  the  diffusely  necrotic  tissue 
evidenced  the  same  power  to  produce  ammonia-forming  com- 
pounds as  the  normal.  In  the  two  samples  of  congestion  and 
thrombosis,  the  lesion  being  of  two  to  five  hours'  duration, 
more  ammonia  was  produced  than  in  the  normal.  These 
results  would  seem  to  indicate  that  during  the  initial  stage  of 
the  process  when  the  liver  is  intensely  congested  an  increase 
in  ammonia  output  must  occur.  This,  however,  is  not  sup- 
ported by  our  metabolism  experiments.*^ 

**Soetbeer,   F.,  Ueber  einen  Fall  von  mknten   Degeneration  des  Lcberparenchjmi, 
Arch.  f.  exptr.  Path,  u,  Pharm.,   1903,  X,   a94* 
>*  See  third  paper  of  thia  aeriea  "  Nitrogenoua  MeUboliam." 
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Uric  Acid. — The  investigation  concerning  uric  acid  has  yielded 
results  of  not  sufficient  interest  for  presentation  in  a  table. 
The  only  point  of  importance  is  that  a  gradual  diminution 
occurs  which  ceases  on  the  third  day.  Since  in  the  autolysis 
of  uric  acid  ammonia  is  formed,  this  factor  must  influence  to 
a  slight  extent  the  increase  in  ammonia  observed  in  the  par- 
tition experiments. 

Arginose, — In  the  endeavor  to  explain  the  results  in  connec- 
tion with  the  hexon  bases,  reported  in  the  first  paper  of  this 
series,  a  few  experiments  were  conducted  in  the  attempt  to 
prepare  from  normal  and  necrotic  livers  an  active  substance, 
according  to  the  method  of  Kossel  and  Dakin,^  which  would 
hydrolyze  arg^nin  into  omithin  and  urea.  Preparations  were 
made  by  both  the  ammonium  sulphate  and  acetic  acid-ether 
methods  outlined  by  these  investigators  and  solutions  of 
these  were  added  in  aliquot  parts  to  an  arg^nin  solution  of 
known  strength.  The  determinations  were  made  sometimes 
upon  the  phosphotungstic  precipitate,  sometimes  upon  the 
filtrate  from  this  and  once  upon  both.  The  aliquots  were 
allowed  to  autolyze  for  one,  three  and  five  days  and  controls 
were  done  at  the  beginning  and  at  the  end  of  the  experiment. 

TABLE  III. 
Arginase. 


Experi- 

Lesion. 

Method  of 
Preparation. 

Estimation 

on  Phos- 

photunffstate. 

C.C.  N/ 

[o  Acid 

Con- 
trol. 

I  day. 

3  days. 

5  days. 

i  Satitration 

IS 

Normal. 

(NH4).S04 
precipitate. 

filtrate. 

1.6 

a. 65 

a.7S 

a. 65 

15 

Normal. 

ditto. 

filtrate. 

4-5S 

S-9S 

6. as 

6.80 

IS 

Normal. 

ditto. 

precipitate. 

S.7S 

4.4s 

4.  as 

3.6s 

10 

Normal. 

ditto. 
Extraction 

4. SO 

3.40 

S.oo 

S.6S 

4a 

Normal. 

acetic  acid. 
Complete  satu- 

filtrate. 

S.ao 

4-4S 

4. IS 

4.30 

i8 

a  hours. 

ration  (NH4)i 

SO4  precipiUte. 

Extraction 

precipitate. 

II. 4S 

la.io 

xa.40 

9.90 

40 

5  hours. 

acetic  acid. 
Complete  satu- 

filtrate. 

5.40 

4.6s 

S.30 

4.40 

16 

Pocal  necroses. 

ration  (NH«), 
SO4  precipitate. 

precipitate. 

6.75 

6.70 

6.SS 

S.70 

a8 

Diffuse  necrosis 

ditto. 
Extraction 

precipitate. 

6.X0 

6.90 

6.9S 

6.I0 

aS 

Difftise  necrosis. 

dilute  HQ. 

precipitate. 

8.05 

9.80 

8.4S 

8.60 

i*KoMel.    A.    and    Dakin,    H.    D.,    Ueber   die   Arginase.    Zeit.    f.    physiol.    Cktm., 
1904,  xli.   321.     Weitere  Untersuchungen  ueber  fermentative  Hamstoffbildung,  ibid,, 
i904t  xlii,    181. 
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Our  results  in  regard  to  the  normal  liver  agree  with  those 
of  Kossel  and  Dakin.  The  preparations  from  necrotic  livers 
gave  negative  or  doubtful  results,  thus  affording  valuable 
confirmatory  evidence  of  the  position  which  we  assumed  as 
a  result  of  our  work  upon  the  hexon  bases,  namely,  that  in 
extreme  diffuse  necrosis  where  large  areas  remote  from  the 
circulation  are  undergoing  necrosis  there  occurs  a  marked 
increase  in  hexon  base  content  of  the  tissue.  In  such  areas, 
evidently,  the  arginin  is  not  split  up  to  any  noticeable  extent. 
The  experiments  of  Wakeman**  do  not  show  the  presence  of 
arginin  to  the  marked  extent  which  the  author  claims,  as 
we  have  explained  in  our  discussion  of  the  hexon  bases.*® 

The  table  shows  that  of  the  ten  preparations  made  from 
seven  different  livers,  three  normal,  two  necrotic  and  two 
with  thrombosis,  only  one,  the  normal  (15),  showed  any 
activity.  In  the  others  either  no  results  were  obtained  or 
were  so  irregular  that  the  experiments  may  be  considered  as 
negative. 

In  this  one  experiment  with  normal  liver  in  which  the 
precipitate  obtained  by  complete  saturation  of  the  three- 
quarter  saturated  filtrate  with  ammonium  sulphate  was  em- 
ployed, the  nitrogen  of  the  filtrate  from  the  phosphotungstic 
precipitate  showed  a  gradual  increase  presumably  due  to  the 
autolysis  of  the  arginin  added.  These  results  would  indicate 
that  an  active  arginase  can  be  obtained  only  from  normal 
tissue.  This  is  in  complete  accord  with  the  results  reported 
in  the  paper  on  the  hexon  bases  in  which  it  is  shown  that 
during  the  autolysis  of  necrotic  liver  tissue  an  increase  in 
the  hexon  base  content  of  the  cell  occurs. 

Leucin  and  Tyrosin. — In  view  of  the  well-recognized  presence 
at  times  of  monamino-acids  in  the  urine  of  individuals  suffer- 
ing with  hepatic  disorders,  particularly  acute  yellow  atrophy, 
and  of  the  varying  results  reported  by  the  different  observers 
in  regard  to  the  question  of  the  presence  of  these  compounds 
in  the  liver  tissue,  it  seemed  advisable  to  examine  the  urine 
and  the  liver  of  the  animals  under  observation  as  to  the 
presence  of  leucin  and  tyrosin. 

It  would  appear  to  be  unnecessary  for  us  to  enter  into  a  dis- 

''Wakeman,    A.    J.,    On    the    Hexon    Bases    of    Liver    Tissue    under    Normal    and 
Certain    Pathological   Conditions,   Jour,   of  Exptr,   Med.,    1905,   vii,   S92. 
**  See   first   paper   of  this  series,   **  Hexon    Bases." 
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cussion  of  the  older  literature  concerning  the  variation  in  the 
results  as  to  the  presence  or  absence  of  leucin  and  tyrosin 
in  the  urine  under  many  pathological  conditions.  This  sub- 
ject has  been  well  discussed  by  Ewing  and  Wolf,^^  who  con- 
clude that  the  differences  observed  are  most  probably  due  to 
faulty  methods  of  technique  and  of  confirmation.  Of  the 
recent  work,  to  which  this  criticism  cannot  properly  be  ap- 
plied is  that  of  Taylor,^'  who  found  these  monamino-acids 
present  in  the  liver  of  acute  yellow  atrophy  as  well  as  in  that 
of  probable  chloroform  poisoning.  In  both  instances,  sup- 
posedly, necrosis  of  varying  degree  had  taken  place.  Wells** 
in  a  preliminary  communication  confirms  these  results  for 
acute  yellow  atrophy.  On  the  other  hand,  however,  in  other 
conditions  to  which  he  gives  the  general  term  of  "  degenera- 
tion," Taylor  failed  to  find  these  substances.  Again  leucin 
and  tyrosin  usually  appear  in  the  urine  of  persons  or  animals 
poisoned  with  phosphorus  and  this  fact  has  been  associated 
with  the  occurrence  of  the  well-known  hepatic  changes, 
chiefly  fatty  infiltration,  which  are  known  to  occur  in  this 
condition. 

The  recent  method  devised  by  Fischer  and  Bergell,  in 
which  ^-naphthalin  sulphochloride  is  employed,  and  Abder- 
halden  and  Barker's  modification  of  Fischer's  esterification 
method  are  so  time-consuming  that  we  decided  that  for  the 
purpose  in  view,  the  simpler  methods  were  of  sufficient  ac- 
curacy to  warfant  their  use.  Ewing  and  Wolf  in  the  paper 
mentioned  above  criticize  severely  the  lead  acetate  method, 
originally  employed  by  Frerichs  and  Stadeler.  They  claim 
that  the  microscopic  demonstration  of  leucin  and  tyrosin  by 
this  procedure  is  unreliable  and  the  crystals  supposed  to  be 
leucin  may  be  in  reality  urates  or  urea.  We  have  used  a' 
modification  of  the  lead  acetate  method  in  which  after  the  re- 
moval of  the  excess  of  lead  by  means  of  hydrogen  sulphide 

»  Ewing,  J.  and  Wolf,  C.  G.  L.,  The  Clinical  Significance  of  the  Urinary  Nitrogen, 
Amer.  Jour,  of  the  Med.  Sciences,   1906,  cxxxi,   751. 

"Taylor,  A.  E.,  Ueber  das  Vorkommen  von  Spaltungsprodukten  der  Eiweisskorper 
in  der  degenerirten  Leber,  Zeit.  f.  physicl.  Chem.,  1902,  xxxiv,  580.  On  the 
Occurrence  of  Amino-acids  in  Degenerated  Tissue,  Univ.  of  California  Publication*, 
1904.  i   (Path.),  43- 

"Wells,  H.  G..  The  Composition  of  the  Liver  in  Acute  Yellow  Atrophy.  Com- 
munication read  at  the  first  meeting  of  the  Amer.  Soc.  of  Biol.  Chemists,  Wash- 
ington, May  8,   1907. 
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the  filtrate  is  evaporated  to  dryness  and  the  residue  extracted 
with  several  portions  of  absolute  alcohol  to  remove  the  urea, 
after  which  it  is  treated  with  repeated  portions  of  ammoniacal 
absolute  alcohol.  The  united  extracts  are  allowed  to  evapo- 
rate almost  to  dryness,  when  characteristic  crystals  appear, 
if  leucin  or  tyrosin  is  present  in  the  original  material.  When 
sufficient  quantities  were  present  these  microscopic  findings 
were  controlled  by  the  usual  chemical  tests.  We  feel  rea- 
sonably sure  that  the  substances  upon  which  we  have  based 
the  following  results  were  leucin  and  tyrosin. 

TABLE  IV. 
Leucin  and  Tyrosin  in  the  Urine. 


Experiment . 

Lesion. 

Leucin. 

Tyrosin. 

Urine  of 

3 

34 
I 
5 

as 

a 
48 
51 

No  necroees. 
No  necroses. 
Focal  necroses. 
Pocal  necroses. 
Focal  necroses. 
Diffuse  necrosis. 
Diffuse  necrosis. 
Diffuse  necrosis. 

+  +  + 

+ 

+  + 

+ 

+ 

+ 

+ 

+ 

+ 
+  + 
+  + 

4th  day. 

ist  and  ad  day. 

xst  day. 

xst  day. 

xst  and  ad  day. 

xst  day. 

xst  and  ad  day. 

ad  and  jd  day. 

TABLE  V. 
Leucin,  Tyrosin  and  Proteoses  in  the  Liver. 


Experiment . 

Lesion. 

Leucin. 

Tyrosin. 

Proteoses. 

A^  of  Lesion. 

x6 
SI 

Pocal  necroses. 
Diffuse  necrosis. 
Diffuse  necrosis. 
Diffuse  necrosis. 

— 

+ 

+ 
+  + 
+  + 

+ 
+ 
+ 
+ 

48  hour. 
a6  hour. 
48  hour. 
48  hour. 

The  table  giving  the  results  of  the  examinations  of  the 
urine  shows  that  there  is  no  regularity  in  the  occurrence 
of  these  compounds.  The  type  of  the  lesion  has  apparently 
no  relation  to  the  amount  eliminated  and  the  results  pre- 
sented justify  the  general  concensus  of  current  opinion  that 
the  appearance  of  these  compounds  is  not  to  be  regarded  as 
pathognomonic  of  any  one  condition  such  as  acute  yellow 
atrophy  or  phosphorus  or  chloroform  poisoning.  In  addition 
to  the  positive  results  presented  in  the  table  the  urine  of 
nine  other  animals  was  examined  with  negative  results.  In 
five  of  these  the  liver  showed  necroses,  in  four  none. 
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The  results  of  the  examination  of  the  liver  substance  point 
to  the  occurrence  of  tyrosin  in  larger  amounts  when  the  lesion 
was  almost  pronounced;  thus  in  each  of  three  livers  with 
diffuse  necrosis  it  was  present,  but  in  only  one  of  the  five 
examples  of  focal  necroses  did  it  occur.  A  normal  liver  and 
also  one  with  degeneration  but  no  necroses  were  likewise 
negative.  In  no  condition  did  we  find  leucin.  In  four  livers 
with  extensive  necrosis  proteoses  were  found  in  considerable 
quantities  while  a  normal  liver  yielded  none.  All  of  this  is 
in  agreement  with  the  variable  results  of  Taylor  mentioned 
elsewhere. 

It  is  evident,  therefore,  that  leucin  and  tyrosin  may  be 
formed  during  the  autolysis  of  the  hepatic  tissue,  but  their 
appearance  in  the  urine  or  detection  in  the  liver  is  dependent 
upon  the  condition  of  the  hepatic  cells  not  involved  in  the 
lesion.  If  these  cells  can  take  care  of  large  quantities  of 
monamino-acids  carried  to  them  normally  by  the  portal  vein 
we  see  no  reason  why,  if  they  are  present  in  sufficient  num- 
bers and  properly  functionating,  that  they  should  not  react 
in  the  same  way  with  the  same  acids  formed  during  the  autol- 
ysis. The  appearance  of  these  monamino-acids  under  any 
condition  then  would  depend  upon  the  quantitative  relation  of 
the  necrosis  to  the  actively  functionating  cells  which  are  un- 
affected by  the  lesion. 

Of  considerable  interest  in  connection  with  the  finding  by 
Salkowski**  in  the  urine  of  various  pathological  conditions, 
more  particularly  a  case  of  yellow  atrophy,  of  an  increased 
amount  of  nitrogen  precipitable  by  alcohol,  is  the  fact  that 
although  in  the  normal  liver  the  residue  remaining  after  the 
extraction  with  absolute  alcohol  and  ammoniacal  alcohol  is 
small  in  amount,  in  the  case  of  the  necrotic  tissues  this 
amount  is  markedly  increased.  We  have  examined  the  resi- 
due as  to  its  character  and  find  that  it  consists  mainly  of 
proteoses.  The  removal  of  these  compounds  by  way  of  the 
blood-stream  would  cause  an  increase  in  the  urine  of  undeter- 
mined nitrogen  usually  ascribed  to  amino-acids.  This  occur- 
rence explains  those  conditions  characterized  by  a  high  rest- 
nitrogen  without  the  presence  of  monamino-acids, 

**Sa]kowtki»  E.,  Zur  Kenntnis  der  Alkoholunldslicben  bxw.   koUoidalen  Sticksttfff- 
im  Hmrn,  B*rL  klin.  Wock,,   1905,  xlii,   1581,   1618. 
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SUMMARY. 

1.  The  presence  of  blood  serum  has  a  decided  inhibitory 
effect  on  autolysis.  Thus  in  the  normal  unwashed  organs  the 
non-coagulable  nitrogen  increase  was  lOO  to  300  per  cent., 
while  in  the  washed  it  amounted  to  450  per  cent.  The  washed 
necrotic  livers  showed  an  increase  of  from  600  to  850  per  cent., 
while  that  of  the  unwashed  necrosis  was  only  slightly  above 
the  normal  unwashed. 

2.  While  the  initial  amount  of  non-coagulable  nitrogen 
varies  it  is  greater  in  those  livers  showing  the  more  extensive 
forms  of  necrosis.  The  final  amount  of  autolysis  is  also 
greatest  in  livers  of  this  type.  As  regards  the  rate  of  autoly- 
sis fifty  per  cent,  of  the  total  occurs  in  the  first  day  in  the 
normal  and  in  all  t3rpes  of  lesions  both  washed  and  unwashed. 
The  maximum  is  usually  reached  on  the  third  day  in  the  un- 
washed, while  in  the  washed  there  is  a  continued  increase  to 
the  eighth  day.  At  this  time  in  the  necrotic  livers  about 
two  to  three  times  as  much  of  the  total  nitrogen  is  in  the 
form  of  non-coagulable  nitrogen  as  in  the  normal. 

3.  In  the  necrotic  tissue  the  initial  controls  show  the  con- 
tent of  monamino-acids,  with  one  exception,  to  be  practically 
doubled.  In  the  washed  necrotic  the  final  amount  is  seventy 
per  cent,  of  the  total  nitrogen  against  forty-six  to  fifty-seven 
per  cent,  in  the  washed  normal.  In  all  cases  the  monamino- 
acid  nitrogen  runs  parallel  to  the  nitrogen  in  non-coagulable 
form,  but  in  relation  to  the  total  nitrogen  it  shows  a  greater 
increase  in  the  washed  than  in  the  unwashed  organs. 

4.  The  ammonia  production  in  the  necrotic  livers  as  shown 
by  the  partition  experiments  is  greater  than  that  in  the  nor- 
mal and  this  increase  corresponds  to  that  of  the  non-coagu- 
lable nitrogen.  In  the  experiments  concerning  the  absolute 
production  of  ammonia  in  the  presence  of  serum  a  greater 
amount  was  produced  in  the  two  and  five  hours'  lesions  than 
in  the  normal  livers.    On  the  other  hand,  the  forty-eight  hour 

•diffuse  necrosis  equaled  the  normal  and  the  focal  fell  below. 

5.  Arginase  was  obtained  from  normal  but  could  not  be 
isolated  from  necrotic  livers. 

6.  No  constant  relation  could  be  demonstrated  between  the 
anatomical  lesion  in  the  liver  and  the  presence  of  leucin  and 
tyrosin  in  the  urine.    Leucin  was  found  occasionally  in  the 
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urine,  but  never  in  the  liver.  On  the  other  hand,  tyrosin  was 
constantly  present  in  livers  with  diffuse  but  rarely  in  those 
with  focal  necrosis.  In  the  instances  of  diffuse  necrosis  in 
which  the  liver  and  urine  of  the  same  animal  were  examined 
tyrosin  was  found  in  both. 

7.  The  presence  of  large  amounts  of  proteoses  in  the  ne- 
crotic liver  indicates  that  the  elimination  of  these  substances 
(colloidal  nitrogen  of  Salkowski)  under  such  circumstances 
may  account  for  a  part  of  the  total  nitrogen  of  the  urine 
usually  attributed  to  the  monamino-acids. 


EXPERIMENTAL  LIVER  NECROSIS;  III.   NITRO- 
GENOUS METABOLISM.^ 

By  RICHARD  M.  PEARCE,  M.D., 
Professor  of   Pathok^  and   Bacteriology, 

AND 

HOLMES  C  JACKSON,  Ph.D., 

Adjunct  Professor  of  Phjrsiological  Chemistry,  Albany  Medical  College. 

We  present  here  the  results  of  experiments  carried  out  upon 
dogs  in  which  the  general  state  of  the  nitrogenous  metabolism 
of  the  animals  was  studied  before  and  after  the  injection  of 
hemotoxic  immime  sera.  As  has  been  stated  elsewhere*  the  im- 
portant organic  lesion  produced  by  s\ich  sera  is  a  hepatic  necrosis 
either  focal  or  diflfuse,  according  to  the  amount  and  strength  of 
the  serum  employed.  Such  an  experimental  lesion  seemed  pe- 
culiarly adapted  to  the  study  of  the  function  of  the  liver  in 
general  metabolism  and  of  certain  peculiar  metabolic  derange- 
ments which  have  an  analogy  to  those  noted  in  eclampsia,  chloro- 
form poisoning,  vomiting  of  pregnancy  and  acute  yellow  atrojdiy. 
It  must  be  clearly  borne  in  mind,  however,  that  this  experimental 
method  of  producing  hepatic  necrosis  allows  of  the  infliction 
upon  the  liver  of  a  single  injury,  in  point  of  time,  which  if  not 
followed  by  death  is  rapidly  repaired  and  which  is  almost  with- 
out other  disturbing  factors.     Hence  metabolic  variations  may 

>  Conducted  under  grants  from  tlie  Rockefeller  Institute  for  Medical  Research. 
Read  before  the  American  Association  of  Pathologists  and  Bacteriologists,  Wash- 
ington.  May  7,  1907.  Published  also  in  Journal  of  Expgrinuntal  Medicine,  1907, 
fac,  55a. 

'See  first  paper  of  this  series,  "The  Hexon  Bases." 
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be  transient  and  last  but  one  or  two  days,  and  for  this  reas(»i 
the  resulting  disturbance  is  not  comparable  to  that  produced  by 
a  continually  acting  cause  with  progressive  lesion. 

The  experiments  were  carried  out  upon  dogs  kept  in  the  usual 
well-ventilated  metabolism  cages  and  fed  upon  a  purin-free  diet 
of  casein,  cracker  dust  and  lard.  The  amounts  of  the  three 
dietary  constituents  varied  for  the  different  animals.  They  were 
calorifically  sufficient  and  so  regulated  that  the  animal  finally 
came  into  nitrogen  equilibritun.  The  dogs  were  catheterized  at 
the  end  of  each  twenty-four  hour  period  and  the  urine  thus 
obtained,  added  to  that  voided  naturally.  This  was  at  all  times 
carefully  preserved  from  changes  of  any  kind  until  the  analytic 
work  was  completed.  To  the  total  twenty-four  elimination  was 
added  distilled  water  to  make  the  volume  up  to  800  cubic  centi- 
meters. When  hemoglobinuria  or  albuminuria  caused  the  ap- 
pearance of  proteid  in  the  urine  this  was  removed  by  heat  and 
acetic  acid,  the  coagulum  being  thoroughly  boiled  out  with  water 
and  the  washings  added  to  the  urine. 

Upon  these  twenty-four  hour  samples  the  following  determi- 
nation was  made:  total  nitrogen  by  the  Kjeldahl-Gimning 
method;  ammonia  by  the  Shaffer  method;  urea  by  the  Momer- 
Sjoquist  method;  uric  acid  by  the  Hopkins-Folin  method  and 
creatinin  by  Folin's  colorimetric  adaptation  of  Weyl's  qualitative 
test.  The  difference  between  the  stun  of  these  various  factors 
and  the  total  nitrogen  is  given  as  rest  or  undetermined  nitrogen. 
Kynurenic  acid  was  also  looked  for  qualitatively  in  order  to 
obtain  evidence  as  to  variations  in  the  output  of  this  substance. 

The  general  procedure  in  these  experiments  was  to  place  the 
animal  upon  nitrogen  equilibrium  and  to  conduct  control  determi- 
nations for  a  period  of  three  days,  after  which  the  animal  was 
injected  with  either  normal  or  toxic  sera  and  the  experiment 
allowed  to  continue  until  death  ensued  or  the  metabolism  had 
regained  its  normal  level  as  shown  by  the  control  period.  It 
is  obvious  that  in  experiments  of  this  character  it  becomes  ex- 
tremely difficult,  if  not  impossible,  owing  to  variance  in  the 
toxicity  of  the  sera  and  the  susceptibility  of  the  animals,  to  regu- 
late the  severity  of  the  lesion,  especially  as  the  degree  of  the 
latter  can  be  determined  only  by  post-mortem  examination.  This 
fact  prohibits  the  production  in  any  two  experiments,  no  matter 
how  carefully  planned,  of  absolutely  comparable  pathological 
conditions.     This   difficulty   is   brought   out  by  the   fact  that 
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although  each  new  lot  of  serum  was  tested  for  lethal  action  on 
dogs  of  approximately  the  same  weight  and  conditions  as  those 
prepared  for  the  experiment,  only  six  out  of  twelve  of  the  latter 
survived  the  first  twenty-four  period.  These  six,  with  a  con- 
trol dog  receiving  normal  serum,  constitute  the  experiments  on 
which  this  communication  is  based. 

These  may  be  divided  into  four  groups:  one  injected  with 
normal  serum  in  which  no  histological  change  took  place;  one 
with  a  weak  toxic  serum  which  caused  no  necrosis,  but  an  ex- 
tensive granular  and  vacuolar  deg^eration ;  four  with  toxic  sera 
causing  more  or  less  extensive  focal  necroses  and  one  with  toxic 
serum  producing  diffuse  necrosis. 

TABLE  I. 
(Dog  i8,  normal  serum,) 


Date. 

ToteJ 
Nltrocen. 

Urea.* 

Ammonia. 

Uric  Ad  d. 

Gnattnln. 

Undetor- 

minod 

NitrociB. 

Notet. 

4.99 

0.556 

0.018 

0.677 

0.269 

Not.    10 

6.51 

76.8 

8.5 

0.28 

10.4 

4.0 

4.81 

0.492 

0.013 

0.688 

0.142 

n 

6.09 

78.9 

8.1 

0.21 

10.4 

2.4 

Injfcted  12  M. 

12 

6.62 

5.25 

0.408 

0.020 

0.607 

0.150 

Dom:  1:738. 

80.5 

7.6 

o.ao 

9.8 

2.8 

Vomited. 

18 

6.60 

5.06 

0.510 

0.017 

0.576 

0.487 

76.6 

7.7 

0.26 

8.7 

6.7 

14 

6.06 

4.72 

0.482 

0.021 

0.6S9 

0.298 

77.8 

8.0 

0.84 

8.9 

5.0 

*  Figvres  in  upper  left-hand  comer  represent  grams  nitrogen;  those  in  lower  right* 
hand  comer,  percentage  of  total  nitrogen. 

Table  I  shows  the  result  of  the  injection  of  normal  serum. 
With  this  may  be  compared  also  Tables  VI  and  VII,  in  which 
it  is  seen  that  the  toxic  serum  was  preceded  by  an  injection  of 
normal  serum.  In  two  of  these  the  dose*  of  the  normal  serum 
was  greater  than  that  of  any  injection  of  toxic  serum.  It  will 
be  seen  that  it  was  practically  without  effect  although  in  Dog  48 
(Table  VI)  a  slight  increase  in  the  output  of  total  nitrogen  was 
evident.  A  consideration  of  the  nitrogen  partition  indicates, 
however,  that  this  increase  is  mainly  at  the  expense  of  the  rest- 
nitrogen  and  is  to  be  explained  by  traces  of  foreign  proteid  of 
the  rabbifs  serum  injected,  too  small  to  be  removed  by  the  ordi- 

*Thc  figures  representing  dosage,  for  example  x:6oo,  indicate  that  the  dose  was 
in  the  proportion  of  one  cubic  centimeter  of  serum  to  600  grams  of  body  weight. 
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nary  methods.  We  possess,  therefore,  a  series  of  coatrok  upon 
which  to  base  our  conclusions  concerning  the  effect  of  the  toxic 
sera. 

Table  II  gives  the  figures  obtained  as  the  result  of  injecting 
a  weak  serum/  which  caused  extensive  hepatic  degeneration  of 
the  granular  and  vacuolar  type  but  no  necrosis. 

TABLE  II. 
(Dog  J2,  Degeneration,  No  Necrosis,) 


DiUcL 

Totel 
Nttrogn. 

Uwa.» 

Aamani>. 

UrieAdd. 

OMtiBln. 

UndetM^ 

mined 

Nttrogn. 

Nottt. 

Got.     15 

4.St 

8.67 

0.167 

0.006 

0.802 

0.196 

84.8 

0.14 

7.0 

4.76 

16 

8.77 

8.24 

0.181  ' 

0.006 

0.286 

0.109 

86.7 

0.18 

7.6 

8.07 

17 

8.76 

8.20 

0.120  ' 

0.004 

0.284 

0.062 

87.8 

0.18 

7.6 

1.87 

18 

8.16 

2.72 

0.104  ' 

0.004 

0.241 

0.060 

87.1 

0.18 

7.6 

1.87 

iBJaetad  4J0  P.  M.; 

19 

4.28 

8.66 

0.090 

0.004 

0.816 

0.261 

w«dc  tosie  HCUi; 

84.1 

0.09 

7.6 

6.21 

doM  1:716. 

ao 

8.87 

2.66 

0.166  ' 

0.008 

0.288 

0.264 

78.0 

0.09 

8.6 

7.66 

21 

8.10 

2.60 

0.161  ' 

0.006 

0.288 

0.066 

84.8 

0.19 

8.4 

2.01 

22 

8.02 

2.60 

0.122  ' 

0.002 

0.260 

0.086 

86.1 

0.06 

8.7 

1.14 

fplLnl 

*  Figures  in  upper  left-hand  comer  represent 
hand  comer,  percentage  of  total  nitrogen. 


grams  nitrogen;  those  in  lower  right- 


It  is  seen  that  a  slight  but  transient  rise  in  the  total  nitrogen 
occurred.  A  small  part  of  this  increase  is  attributable  to  the  for- 
eign proteid  injected,  with  a  corresponding  rise  in  the  undeter- 
mined nitrogen,  both  in  absolute  and  percentage  amounts.  The 
absolute  amount  of  urea  nitrogen  increased  during  the  first 
twenty-four  hours  after  injection  but  not  in  sufficient  quantities 
to  keep  pace  with  the  increase  in  total  nitrogen,  hence  a  per- 
centage decrease  occurred.  The  following  day  both  the  per- 
centage and  absolute  amounts  diminished  markedly  to  be  followed 
on  the  succeeding  days  by  return  to  the  normal  percentage  of 
urea  output.  The  absolute  quantity  remained  low  since  the  total 
nitrogen  did  not  return  to  normal.  The  ammonia  output  during 
the  twenty-four  hours  succeeding  the  injection  suffered  a  decided 

*Thc  seram  of  a  rabbit  which  was  not  bled  until  six  weeks  after  immuniaatioa 
against  dog's  blood.  Sera  obtained  so  long  after  injection  frequently  show  diminished 
luemagglutinatiTe   and  luemoljrtic  power. 
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diminution  both  in  percentage  and  absolute  figures.  This  de- 
crease was  exceedingly  transient,  since  on  the  succeeding  days 
the  reverse  occurred  and  both  the  absolute  and  percentage  figures 
went  much  above  the  normal.  The  uric  acid  and  creatinin  showed 
no  change  but  the  rest-nitrogen  increased  considerably  on  the 
first  and  second  days  following  the  injection. 

The  reaction*  for  kynurenic  acid  was  positive  on  the  day  subse- 
quent to  the  injection  and  passed  off  gradually.  This  would 
indicate  an  increase  in  proteid  destruction.'' 

Of  most  importance  is  the  diminution  in  the  percentage  of 
the  total  nitrogen  eliminated  as  urea  associated  with  a  somewhat 
corresponding  increase  in  the  percentage  output  of  ammonia  and 
rest-nitrogen.  This  is  the  urinary  picture  which  recently  has 
been  described  as  associated  with  the  hepatic  disorder  supposed 
to  underly  the  symptoms  of  chloroform  poisoning,  toxemia  of 

TABLE  HI. 
(Dog  25,  Focal  Necroses.) 


11 

i    8.15 

7.16 

0.404 

0.M6 

0.218 

87.8 

4.0 

4.5 

2.8 

12 

8.22 

7.07 

0.401 

0.860 

0.S2S 

80.0 

5.0 

4.5 

3.0 

No  food 


Fignret  in  upper  left-hand  corner  represent  grams  nitrogen;  those  in  lower  right- 
corner^  percentage  of  total  nitrogen. 


'Amoonts  so  small  that  they  were  not  caknlated. 

*  Treatment  of  the  urine  with  bromine  water. 

*  Mendel,  L.  B.  and  Jackson,  H.  C,  On  the  Excretion  of  Kynurenic  Add,  Amter. 
Jom,  of  PhysioL,  1898,  ii,  i. 
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TABLE  IV. 
(Dog  43,  Focal  Necroses,) 


Dftte. 

Total 
Nitrogen. 

Uwe.* 

Affiinoni*. 

UrieAeid. 

GnatiiJiu 

Undeter- 

iiiiBfid 

Nitrogen. 

Notes. 

Feb.      2 

7.74 

6.81 

0.444 

0.018 

0.417 

0.661 

81.6 

6.7 

0.28 

6.4 

7.2 

Feces     mixed    with 

urine. 

6.96 

6.60 

0.406 

0.018 

0.838 

0.608 

70.1 

6.8 

0.17 

4.9 

10.0 

6.46 

6.87 

0.336 

0.016 

0.280 

0.460 

Injeetwl  10:30  A.  M.; 
tozle  eenim   dote 

83.2 

6.2 

0.23 

4.3 

7.1 

1:1788. 
Vomited. 

9.91 

8.48 

0.478 

0.078 

0.348 

0.836 

Injoeted   8   P.    Mt; 
tozfe  serum;  doSL 

86.6 

4.8 

0.78 

8.6 

8.6 

1:1200. 

10.56 

8.88 

0.678 

0.046 

0.406 

0.662 

84.1 

6.6 

0.42 

3.8 

6.2 

7.66 

6.81 

0.479 

0.009 

0.386 

0.466 

82.6 

6.2 

0.12 

5.0 

6.2 

Urine  lost 

10 

4.86 

8.84 

0.288 

0.007 

0.341 

0.874 

KiUed. 

79.2 

6.9 

0.14 

7.2 

7.6 

*  Figures  in  upper  left-hand  comer  represent  grams  nitrogen;  those  in  lower  ngfat- 
hand  comer,  percentage  of  total  nitrogen. 

pregnancy  and  like  conditions  and  which  will  be  discussed  more 
in  detail  after  our  results  have  been  completely  given. 

Tables  III,  IV,  V,  VI  and  VII  present  the  results  of  the  ex- 
periments in  which  a  true  necrosis,  either  focal  or  diffuse,  was 
obtained. 

In  these  experiments  the  injection  of  the  toxic  sera*  was  always 
quickly  followed  by  a  more  or  less  marked  increase  in  the  elimina- 
tion of  total  nitrogen  which  persisted  for  several  days.  During 
the  first  or  second  twenty- four  hour  period,  after  injection, 
occurred  a  slight  increase  in  the  percentage  of  urea  nitrogen 
(three  to  five  per  cent.)  which  was  followed  on  the  succeeding 
days  by  a  drop  to  normal,  and  in  one  experiment  below  normal. 
The  ammonia  nitrogen  percentage  of  the  total  nitrogen  dimin- 
ished gradually  after  the  injection  and  reached  its  lowest  point 
about  the  second  or  third  day,  after  which,  in  some  cases,  as  in 
Dogs  49  and  43,  it  returned  to  normal;  in  others,  as  in  Dogs 
25>  45>  ^nd  48,  it  remained  low.    The  more  advanced  the  repair 

*In  three  of  these  experiments  the  first  injection  was  followed  by  a  second  after 
a  Tarying  intenral.  This  fact  renders  the  figures  after  the  time  of  the  second 
injection  less  comparable. 
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at  the  time  of  death,  the  nearer  the  percentage  of  ammonia  nitro- 
gen had  returned  to  the  normal. 

The  uric  acid  nitrogen  suffered  a  marked,  though  transient, 
increase.*  In  the  three  experiments  where  successive  injections 
were  given,  the  second  injection  in  each  instance  caused  an  in- 
crease of  uric  acid  on  the  following  day  after  which  it  returned 
to  normal. 

The  absolute  creatinin  nitrogen  output  was  noticeably  aug- 
mented after  injection;  this  increase,  however,  was  not  quite 
in  the  same  proportion  as  the  total  nitrogen,  hence  the  creatinin 
nitrogen  per  cent,  of  the  total  tended  at  times  to  show  a  slight 
diminution. 

The  undetermined  or  rest-nitrogen  which  in  a  general  way 
may  be  said  to  indicate  the  output  of  amino-acids,  polypeptids 
or  proteose-like  bodies^*  also  imderwent  a  decided  increase  after 
injection. 

An  increase  in  kynurenic  acid  elimination  after  injection  was 

TABLE  V. 

KJ^og  45,  Focal  Necroses,) 


Date. 

Total 
Nitrogen. 

Urea.* 

Ammonia. 

Uric  Add. 

Creatinin. 

Undeter- 
mined 
Nitrogen. 

Notea. 

Feb.      8 

«.70 

5.50 

0.842 

0.014 

0.274 

0.570 

82.1 

5.1 

0.21 

4.1 

7.5 

4 

6.67 

5.87 

0.401 

0.018 

0.296 

0.400 

81.7 

7.5 

0.20 

4.5 

6.1 

6 

0.43 

5.05 

0.462 

0.012 

0.274 

0.642 

78.5 

7.0 

0.18 

4.1 

10.2 

6 

0.53 

5.88 

0.466 

0.018 

0.265 

0.467 

Injeeted  10  A. 

M.: 

81.7 

7.0 

0.20 

4.1 

7.0 

toxic  lerum; 
1:1600. 

doie 

7 

8.M 

7.51 

0.560 

0.105 

0.860 

0.466 

88.5 

6.2 

1.17 

4.0 

5.1 

8 

7.97 

6.25 

0.524 

0.010 

0.800 

0.886 

Injected  10  A. 
toxic  eerum; 

M.: 

78.4 

6.6 

0.18 

8.9 

11.0 

doee 

1:1000. 

9 

5.80 

4.01 

0.441 

0.065 

0.298 

0.928 

75.6 

8.8 

1.04 

5.7 

9.4 

10 

10.80 

8.20 

0.646 

0.080 

0.840 

1.075 

79.6 

6.8 

0.28 

8.4 

10.4 

11 

8.87 

6.71 

0.606 

0.021 

0.818 

0.728 

80.2 

7.1 

0.25 

8.7 

8.8 

12 

7.45 

5.90 

0.447 

0.000 

0.826 

0.678 

80.0 

6.0 

0.12 

4.5 

0.4 

KiDed. 

*  Figures  in  upper  left-hand  comer  represent  grams  nitrogen;  those  in  lower  right- 
hand  comer,  percentage  of  total  nitrogen. 

*  For  a  detailed  discussion  of  this  subject  see  fourth  paper  of  this  series,  "  Nuclein 
MetaboUsm." 

**  Salkowski,  £.,  Zur  Kenntnis  der  AUcoholunlosIichen  bzw.  coUoidalen  Sticlcstoff- 
tubstanzen  im  Ham,  Berl,  klin,   Woch,,   1905,  xlii,   1581,   1618. 
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TABLE  VI. 
{Dog  48,  Diffuse  Necroses.) 


Dttte. 

Ibtol 
Nttrotn. 

Urn.* 

AmnwwiiA 

UrieAdd. 

OMttnin. 

Undeter- 

mliirf 

NltroftiL 

NotM. 

Ibb.     10 

6.80 

6.00 

0.874 

0.018 

0.373 

0.135 

86.7 

5.5 

0.26 

5.5 

2.0 

ao 

6.66 

5.68 

0.360 

0.018 

0.364 

0.278 

84.4 

5.5 

0.27 

5.6 

4.2 

21 

6.38 

5.41 

0.368 

0.024 

0.326 

0.228 

IiiiMted5P.lL;Bor> 

84.8 

5.6 

0.37 

5.2 

4.0 

mal  MTum;  doM 
1:600. 

22 

7.00 

5.76 

0.406 

0.024 

0.338 

0.472 

82.3 

5.8 

0.34 

4.8 

6.8 

2S 

6.68 

5.50 

0.376 

0.021 

0.326 

0.307 

84.2 

5.8 

0.32 

5.0 

4.7 

24 

6.10 

5.00 

0.400 

0.018 

0.814 

0.388 

Injected   10  A.  IL; 

82.0 

6.6 

0.30 

5.1 

6.0 

(ozio  aenim:  doM 
1:1166. 

25 

0.086 

Yomitw  mizBd  wtth 
urine. 

26 

8.78 

7.68 

0.366 

0.018 

0.345 

0.472 

86.3 

4.1 

0.20 

4.0 

5.4 

Injected   10  A.  IL; 

27 

9.11 

6.80(0 

0.561 

0.018 

0.340 

'■'"^n 

tozio  eerom;  doee 

76.4 

6.0 

0.20 

3.8 

1:600. 

Vomited. 

Hburin. 

28 

11.12 

0.24 

0.418 

0.130 

YomMnc:    refued 

88.1 

8.8 

1.17 

food. 

Mtf.      1 

0.068 

Died. 

*  Figures  in  upper  left-hand  comer  repreeent  grams  nitrogen;  those  in  lower  right* 
hand  comer,  percentage  of  total  nitrogen. 

noticed  at  times,  but  this  was  slight  at  the  best  and  in  no  way 
corresponds  to  the  increase  which  occurs  after  the  administra- 
tion of  phosphorus,  phlorhizin  and  large  quantities  of  meat.  In 
these  latter  instances  Mendel  and  Jackson^  ^  showed  that  the  in- 
creased kynurenic  acid  output  was  associated  with  augmented 
endogenous  or  exogenous  destruction  of  proteid  material  contain- 
ing the  tyrosin  nucleus. 

As  has  already  been  stated,  we  believe  that  the  efifect  of  the 
blood  changes  produced  by  the  serum  is  directed  almost  entirely 
upon  the  liver  and  represents  a  single  attack  upon  this  organ. 
Two  coincident  conditions,  whith  however  do  not  affect  the 
results  in  any  manner,  require  perhaps  a  brief  notice.  In  the 
first  place  vomiting  usually  occurs  and  persists  for  a  short  time, 
five  to  ten  minutes,  after  the  injection.  The  feeding  and  injec- 
tion were  so  arranged  that  nothing  was  lost  in  this  manner  and 

'^Mendel.  L.  B.  and  Jackson,  H.  C,  On  the  Excretion  of  Kynurenic  Add,  Atiur. 
Jour,  of  Physiol.,  1898,  ii,  i. 
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TABLE  Vn. 
(Dog  49,  Focal  Necroses.) 


Total 
NiUogn. 

^    ' 

( 

Undeter- 

Dite. 

Urn* 

AmmonlA. 

UrieAdd. 

Oeattnla. 

mined 
Nitrogen. 

Notai. 

Itt».    22 

6.24 

4.88 

0.866 

0.021 

0.216 

0.806 

82.6 

7.0 

0.40 

4.1 

6.9 

28 

6.48 

k)ii 

0.820 
6.9 

0.018 
9.88 

0.218 
4.0 

24 

6.46 

4.41 

0.846 

0.021 

0.208 

0.476 

Injeeted   10  A.  M.; 

80.8 

6.8 

0.88 

8.8 

8.7 

1:600. 

26 

0.018 

Yomitue  mixed  with 
urine. 

26 

6.26 

4.84 

0.297 

0.021 

0.194 

0.808 

82.7 

6.7 

0.40 

8.7 

7.6 

Tnoe  nlbomin. 

27 

6.68 

4.77 

0.820 

0.022 

0.204 

0.814 

Injeeted  10  A.  IL; 

84.8 

6.7 

0.89 

8.6 

6.6 

toiie  ieram;  doee 
1:628.   Vomited. 

28 

7.07 

6.07 

0.246 

0.014 

0.180 

0.462 

Hburin. 

86.6 

8.6 

0.20 

2.7 

8.0 

Mtf.      1 

0.14 

7.66 

0.270 

0.029 

0.226 

1.066 

82.7 

2.8 

0.82 

2.6 

11.7 

Hbnrin. 

2 

8.46 

6.98 

0.428 

0.017 

0.221 

0.804 

82.6 

6.1 

0.20 

2.6 

0.6 

Hburin. 

S 

6.97 

6.04 

0.870 

0.022 

0.214 

0.824 

86.6 

6.8 

0.81 

8.1 

4.7 

Hburin. 

4 

6.70 

4.02 

0.866 

0.020 

0.196 

0.108 

86.8 

6.4 

0.86 

3.4 

8.6 

Hburin.    KiUed. 

*  Figures  in  upper  left-hand  comer  represent  grams  nitrogen;  those  in  lower  righf- 
hand  comer,  percentage  of  total  nitrogen. 

as  the  vomiting  also  occurred  when  normal  serum  was  used,  with 
no  apparent  efifect  on  the  metabolism,  we  believe  this  factor  may 
be  disregarded.  It  has  occasionally,  however,  caused  the  loss, 
on  account  of  admixture  of  vomitus,  of  a  day's  urine. 

In  the  second  place  hemoglobinuria,  sometimes  but  not  always, 
makes  its  appearance  after  twenty-four  hours.  This  condition, 
however,  could  not  have  produced  the  changes  in  the  general 
metabolism  which  we  have  described  since  in  two  of  the  experi- 
ments (43  and  45),  where  no  hemoglobin  or  bile  appeared  in 
the  urine,  the  results  were  the  same  as  in  those  showing  a  well- 
marked  hemoglobinuria.  This  agrees  with  the  observations  of 
Samuely^*  who  found  in  experimental  anemia,  produced  by 
means  of  pyrodin,  that  the  appearance  of  hemoglobin  or  bile  in 
the  urine  stood  in  no  direct  relationship  to  the  changes  which 
took  place  during  the  anemia.  On  the  other  hand,  Andrea** 
in  a  series  of  experiments,  in  which  various  hemolytic  substances 

"^  Samuely,  F.,  Stoffwechseluntersuchungen  bei  experimenteUer  Animie,  Dtut.  Arch, 
f.  kUn.  Med.,    1907,   ixxxix,   220. 

''Andrea,  P.,  Influenca  delta  sostanze  emolitiche  sulle  funzioni  ureogenetica  ed 
antitossica  del  fegato,  Arch,  Int.  dt  Pharmacodyn,  tt  dt  Therapie,  1905,  xit,  389. 
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(phenylhydrazin,  pyrogallol,  p-phenylendiamin,  glycerin)  were 
administered  to  rabbits,  has  found  an  increase  of  urea  after  the 
initial  injection,  but  a  decrease  of  one-third  after  subsequent 
injections.  The  increase  he  explains  by  destruction  of  hemo- 
globin and  the  decrease  as  due  to  impaired  hepatic  function. 

Another  possibility,  however,  must  also  be  considered.  This 
is  that  the  temporary  anemia  which  is  simultaneously  produced 
as  the  result  of  the  primary  action  of  the  serum  on  the  red  cells 
may  originate  changes  in  oxidization  capable  of  accounting  for 
some  of  the  results.  If  the  anemia  were  general  in  character  and 
of  the  type  which  occasions  a  great  diminished  oxidative  power 
throughout  the  body,  such  as  is  noticed  after  carbon  monoxide 
poisoning,  then  we  should  expect  to  find,  among  other  disturb- 
ances, the  elimination  of  incompletely  oxidized  products  of 
catabolism,  such  as  lactic  acid.  We  have  searched  for  the  ap- 
pearance of  this  substance  in  the  urines  of  five  of  the  animals 
showing  necrosis,  but  have  failed  to  find  it.  This,  with  other 
facts,  appear  to  justify  the  exclusion  of  the  factor  of  diminished 
oxidation. 

In  this  connection  it  is  of  considerable  interest  to  note  also 
that  in  the  type  of  anemia  produced  by  Samuely  the  power  of  the 
body  to  oxidize  aromatic  compounds,  such  as  phenylalanin  and 
cystein,  was  somewhat  decreased,  but  that  the  metabolism  in  re- 
gard to  the  fatty  amino-acids  was  absolutely  tmchanged. 

Upon  the  whole,  therefore,  it  seems  justifiable  to  designate,  as 
the  main  causative  factor  in  the  production  of  the  results  ob- 
tained, the  necrotic  lesions  more  or  less  dififusely  disturbed 
throughout  the  liver. 

Several  attempts  have  been  made  to  study  the  influence  of 
hepatic  necrosis  upon  the  metabolism.  Jacoby^*  was  the  first  to 
study  the  effect  of  t)ring  ofif  the  vessels  supplying  certain  lobes 
of  the  liver.  Unfortunately  the  animals  did  not  survive  the 
operation  a  sufficient  length  of  time  to  allow  observations 
upon  the  urine  and  he  was  compelled  to  content  himself  with 
demonstrating  that  products  of  autolysis  were  present  in  the 
lobes  shut  off  from  the  circulation.    Doyon  and  Dufourt**  report 

'^Jacoby,  M.,  Ueber  die  fermentative  Eiweisaspaltung  and  Ammontakbildtmg  in 
der  Leber,  Zeit,  f,  physioL  Chtm.,   1900,  xxx,   149. 

^  Doyon,  M.  and  Dufourt.  L.,  Contribution  i  I'^ude  de  la  fonction  nreopoietiqiie 
du  foie;  EfiFets  de  la  ligature  de  I'artire  hepatique  et  de  alle  de  la  Teine  porto 
(Arch,  de  physiol.  normal  et  path,,  1898,  S.  5,  x,  $^2)^  Ref.  in  Maly's  Jahresberickt 
f.   Thierchemie,   1898,  xxviii,  382. 
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that  upon  tying  ofif  the  hepatic  artery  they  obtained  a  diminished 
formation  of  urea  and  increase  in  ammonia.  Their  results  were 
somewhat  unsatisfactory,  however. 

From  the  clinical  side  of  the  question  quite  recently  a  con- 
siderable amount  of  data  which  bears  upon  the  question  at  hand 
has  accumulated.  Many  investigators  have  studied  the  urinary 
changes  occurring  in  certain  metabolic  disorders  associated  with 
hepatic  diseases.  Thus  Schittenhelm^'  reports  that  in  chronic 
diseases  of  the  liver  the  ammonia  output  in  relation  to  the  total 
nitrogen  elimination  is  increased.  Axisa"  states  that  in  liver 
abscesses  the  same  change  is  associated  with  a  marked  decrease 
in  the  urea  percentage.  Ingelrans  and  Dehons"  corroborate 
these  findings  in  hepatic  insufficiency  and  claim  that  cirrhosis 
gives  the  same  pictures  as  acute  yellow  atrophy.  De  Rossi,^* 
on  the  other  hand,  offers  evidence  that  not  all  diseases  in  which 
lesions  of  the  liver  are  present  show  this  altered  relation  of  urea 
to  ammonia  elimination  and  concludes  that  the  liver  is  not  the 
only  seat  of  the  formation  of  urea. 

In  regard  to  acute  yellow  atrophy,  vomiting  of  pregnancy, 
eclampsia,  delayed  chloroform  poisoning  and  phosphorus  poison- 
ing, recent  investigations  seem  to  show  that  the  hepatic  lesions, 
which  are  found  to  be  present  at  autopsy  in  these  conditions,  are 
an  important  causative  factor  in  the  disturbance  of  metabolism. 
This  disturbance  shows  itself  in  the  urine  by  a  marked  diminu- 
tion in  the  output  of  urea  and  an  increase  of  the  ammonia  in 
1  elation  to  the  total  nitrogen  elimination.  Williams**  assumes 
that  the  urinary  picture  of  pernicious  vomiting  of  pregnancy 
with  its  high  percentage  ammonia  output  is  sufficiently  definite 
to  render  it  a  valuable  aid  in  determining  the  question  of  in- 
ducing labor.  On  the  other  hand,  he  contends  that  in  the  con- 
dition known  as  eclampsia  there  is  a  diminution  in  the  total  nitro- 
gen and  percentage  urea  with  no  very  pronounced  ammonia 

^  Schittenhelm,  A.«  Zur  Frage  der  Anunoniakautscheidung  im  menschlichen  Urin, 
Deut,  Arch.  f.   kUn.  Mtd.,   1903,  IxxriJ,   517. 

^  Axisa,  E.,  Ueber  Harnstoff  und  Ammoniakausacheidang  im  Ham  bei  Leberabtzeat, 
Zent,  f.  inner e  Med,,   1905,  xxrl,  9*9. 

^Ingelrans.  L.,  and  Dehona,  M.,  La  Taletir  cliniqne  de  quelquea  tignea  nrinairea 
conaid^r^  comme  r^^lateara  de  I'inauffisance  hepatique,  Arch,  de  med.  exper,  ef 
^anat,  path.,  1903.  xv,  188. 

^De  Roui,  S..  Sul  valore  aemeiologico  dell'ttrea  et  dell'aiiiinonica  nelle  leaioili 
•ejMiticbe,  Riforma  Medico,  X904>  xx,  1x77. 

**WilUaint,  J.  W.,  Pernidoua  Vof&iiting  of  Pregnancy,  Swrgery,  Gynecology  and 
Obstetrics,  1905,  i,  4x;  Johns  Hopkins  Hospital  But,,  1906,  xrii,  71;  Amer,  Jour. 
Med,  Sciences,   1906,  cxxxii,   132, 
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variation.  Stone*^  believes  that  the  vomiting  of  pr^;nancy  is 
the  result  of  a  toxemia,  the  lesions  of  which  are  primarily  an 
acute  degeneration  of  the  liver  amounting  sometimes  to  necrosis 
and  resembling  in  the  fatal  cases  those  of  acute  yellow  atrophy. 
Zweifel's**  researches  confirm  the  opinion  that  the  causative 
factor  in  eclampsia  is  a  diminished  oxidation  which  shows  itself 
in  the  production  and  elimination  of  considerable  quantities  of 
p-lactic  acid.  The  increased  ammonia  output  is  the  result  of 
the  neutralization  of  the  excess  of  acids  produced  and  the  dimin- 
ished urea  is  due  to  the  removal  of  quantities  of  ammonia  which 
normally  should  be  synthesized  into  urea. 

Ewing  and  Wolf**  report  observations  made  upon  pregnant 
women  from  the  results  of  which  they  conclude  that  the  vari- 
ous conditions  of  eclampsia,  vomiting  of  pregnancy  and  yellow 
atrophy  are  but  different  degrees  or  manifestations  of  the 
same  disordered  process  which  probably  centers  itself  in  the 
hepatic  cells  and  leads  to  the  deranged  elimination  of  urea 
and  ammonia.  A  similar  disturbance  of  metabolism  asso- 
ciated with  necrosis  of  the  liver,  has  been  found  by  Bevan 
and  Favill**  in  fatal  chloroform  poisoning. 

In  view  of  all  this  it  can  readily  be  seen  that  the  concensus 
of  opinion  favors  the  idea  that  the  changes  in  the  percentage 
elimination  of  urea  and  ammonia  which  are  found  to  occur 
in  these  various  conditions  are  but  indications  of  the  same 
functional  lesion  which  centers  itself  in  the  hepatic  cell. 
When  necrosis  of  the  liver  occurs  the  cells  which  ordinarily 
synthesize  ammonia  into  urea  are  out  of  function  and  the  am- 
monia elimination  is  increased  and  the  urea  correspondingly 
falls. 

With  a  full  appreciation  of  the  necessity  of  caution  in  trans- 
scribing  deductions  from  the  results  of  animal  experiments  to 
the  explanation  of  pathological  variations  in  the  human  or- 
ganism, we  feel  that  our  results  render  somewhat  doubtful 
the  relationship  between  the  hepatic  necrosis  of  the  vomiting 

«*  Stone,  W.  S.,  The  Toxjemia  of  Pregnancy,  Amer,  Gynecology,  1903,  iii,  5x8; 
Some  Farther  Notes  on  the  Toxaemia  of  Pregnancy,  Med.  Record,   1905,  Ixviii,  295. 

•■Zweifel,  Zur  Aufklaning  der   Eklampsie,  Arch,  f,  Gyn.,    1905,  Ixxri,   537. 

*•  Ewing,  J.  and  Wolf,  C.  G.  L.,  The  Clinical  Significance  of  the  Urinary  Nitrogen, 
II.  The  Metabolism  in  the  Toxaemia  of  Pregnancy,  Amer.  Jour,  of  Obstetrics^  1907, 
It,  389. 

**  Bevan,  A.  D.,  and  Favill,  H.  B.,  Acid  Intoxication  and  Late  Poisonous  Effects 
of  Anaesthetics,  Jour.  Amer.  Med.  Assoc,   1905,  xlv,  691. 
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of  pregnancy,  for  example,  and  the  urinary  finding  of  a  high 
percentage  ammonia  output.  Wolf**  has  already  justly  criti- 
cized the  conclusions  of  Williams  in  this  regard  and  em- 
phasizes the  well-known  fact  that  equally  high  percentages 
of  ammonia  are  to  be  found  when  for  any  reason,  as  in  inani- 
tion, the  nitrogen  or  the  calorific  value  of  the  diet  becomes 
insufficient  for  the  replacement  of  the  wear  and  tear  of  the 
cell.**  Schittenhelm  has  shown  the  influence  of  diet  in  this 
connection  by  experiments  in  chronic  hepatic  diseases  where 
a  high  ammonia  output  is  present.  He  noticed  that  upon  in- 
creasing the  fat  of  the  diet  a  still  further  increase  in  the 
elimination  of  ammonia  occurred  and  believes  that  the  am- 
monia offers  simply  an  indication  of  the  lack  of  normal  oxi- 
dation or  catabolism  of  the  ingested  fatty  acids.  An  exam- 
ination of  the  results  presented  by  Williams  makes  it  seem 
very  plausible  that  the  diet  in  his  cases  is  not  an  unimport- 
ant factor  in  the  results.  The  figures  for  the  total  nitrogen 
indicate  that  the  patients  were  practically  in  a  state  of  dimin- 
ished nutrition  even  approaching  inanition  since  the  amounts 
fall  anywhere  between  four  to  eight  grams  per  day,  and  more 
important  still,  the  higher  the  total  nitrogen  the  lower  the 
ammonia  and  vice  versa  regardless  of  the  severity  of  the  con- 
dition. This  same  criticism  can  also  be  applied  to  the  re- 
sults of  Ewing  and  Wolf.  The  daily  total  nitrogen  elimina- 
tion in  their  experiments  is  quite  as  low  as  that  found  by 
Williams,  hence  the  high  ammonia  can  be  equally  well  at- 
tributed in  part  at  least,  to  similar  causes. 

The  factor  of  low  and  insufficient  diet  was  excluded  in  our 
experiments  since  the  animals  were  upon  exact  equilibrium. 
We  did  obtain,  however,  severe  hepatic  lesions  consisting  of 
localized  or  diffuse  necrotic  areas  and  the  ammonia  output 
of  our  animals  never  showed  more  than  the  merest  increase 
which  was  exceedingly  transient.  At  this  place  emphasis 
must  be  laid  upon  the  one  experiment  in  which  results  com- 
parable to,  if  not  as  pronounced  as  those  of  Williams  and  of 
Ewing  and  Wolf,  were  obtained.  In  this  instance  (see  Table 
II.),  however,  the  histological  findings  indicated  that  we  were 

*  Wolf,  C  G.  L.,  The  Chemistry  of  Toxjemiai  in  Pregnancy,  New  York  Med.  Jour., 
1906,  Ixxxiii,  813. 

^'Folin,  O.,  Laws  Governing  the  Chemical  Composition  of  Urine,  Amer,  Jour,  of 
Physiol.,  1905,  xiii,  66. 
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dealing  not  with  a  lesion  of  necrotic  character  but  with  an 
extensive  and  diffuse  degeneration. 

On  account  of  the  loose  use  of  terms  in  pathology,  this 
would  seem  to  emphasize  that  a  clear-cut  differentiation  be- 
tween degeneration  and  necrosis*^  must  be  made  histologi- 
cally if  we  are  to  correlate  the  results  of  chemical  studies  and 
histological  findings.  The  pathological  condition  "  degenera- 
tion "  does  not  imply  autolysis  which  occurs  only  in  necrosis. 
It  is  evident  that  one  may  occur  without  the  other  and  there- 
fore that  the  chemistry  of  the  cell  depends  on  its  functional 
activity  as  determined  by  its  physical  state.  As  a  reasonable 
explanation  of  why  a  difference  in  metabolism  must  be  ex- 
pected in  the  conditions  of  degeneration  as  opposed  to  necro- 
sis we  would  present  the  following:  In  a  generalized  hepatic 
degeneration  the  lesion  affects  the  protoplasm  of  each  and 
every  cell  of  the  whole  organ  without  destruction  of  the 
nucleus.  This  degeneration  may  set  up  enzymotic  disturb- 
ances, secondary  in  character,  which  are  not  connected 
directly  with  the  actual  life  processes  of  the  cell  and  which 
may  readily  again  return  to  normal  when  the  abnormal  con- 
ditions of  the  cell  are  removed.  Such  a  differentiation  be- 
tween the  actual  life  processes  of  the  cell  and  those  of  a 
secondary  functional  character  finds  best  expression  in  the 
German  words  "  Baustoffwechsel "  and  "  Betriebstoffwech- 
sel."  When  the  disturbance  of  enzymotic  equilibrium  occurs, 
if  we  grant  for  the  sake  of  argument  the  unproven  hypothe- 
sis that  the  the  urea  formation  is  the  result  of  enzymotic  rela- 
tions, there  would  take  place  an  interference  in  the  production 
of  urea  from  ammonium  compounds  without  an  increase  in 
the  output  of  total  nitrogen.  A  simple  rearrangement  in  the 
partition  factors  would  evidence  itself  according  to  which  the 
ammonia  would  increase  as  the  urea  correspondingly  dimin- 
ished. This  is  exactly  the  condition  found  in  our  experiment 
with  diffuse  degeneration. 

On  the  other  hand,  in  necrosis,  the  individual  cell  is  de- 
stroyed and  all  its  functions  cease.  Autolysis  begins  in  the 
same  way  as  it  does  when  death  supervenes  as  the  result  of 
the  removal  of  the  cell  from  the  body.  Under  such  circum- 
stances there  occurs  a  true  protoplasmic  decomposition  from 

^  See  first  paper  of  this  series,  "  The  Hexon  Bases." 
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which  the  cell  can  never  recuperate.  Here  the  nucleus  be- 
comes involved  as  is  shown  by  the  histological  picture  and 
in  the  urine  by  the  occurrence  of  a  marked  increase  in  the 
elimination  of  uric  acijd,  purin  bases*'  and  phosphorus. 

In  necrosis,  moreover,  although  many  individual  cells  are 
dead  and  have  ceased  to  functionate,  there  always  remain, 
unless  the  whole  organ  becomes  necrotic,  in  contradistinction 
to  the  condition  of  degeneration,  many  normal  cells,  ready 
and  capable  of  assuming  in  a  vicarious  manner  the  function 
of  those  already  dead.  This  "  factor  of  safety  "  in  the  liver 
is  well  demonstrated  by  the  partial  extirpation  experiments 
of  Ponfick,  while  the  power  of  other  organs  to  assume  the 
urea-forming  function  is  shown  by  the  numerous  Eck  fistula 
experiments. 

In  necrosis,  therefore,  all  that  is  expected  as  a  urinary 
finding  is  the  appearance  of  an  increase  in  the  total  nitrogen 
output  and  of  the  abnormal  products  of  autolysis  such  as 
proteoses,  polypeptids  and  amino-acids ;  and  even  these  latter, 
in  scattered  focal  necrosis,  need  not  necessarily  appear  since 
as  very  little  liver  tissue  is  destroyed  the  remaining  normal 
cells  still  possess  the  power  of  splitting  these  substances, 
formed  by  cellular  digestion,  just  as  they  do  similar  products 
of  intestinal  digestion  brought  to  them  by  the  portal**  vein. 

Our  results  substantiate  this  theoretical  expectation.  In 
the  experiments  with  diffuse  necrosis  a  marked  and  continued 
augmentation  in  the  total  nitrogen  and  urea  elimination  oc- 
curred as  the  result  of  the  removal  of  the  products  of  autoly- 
sis. The  diminution  in  the  ammonia  output  may  be  ascribed 
naturally  to  the  increase  in  the  proteid  catabolism.  Finally 
the  increase  in  undetermined  nitrogen  is  not  definitely  to  be 
ascribed  to  the  amino-acids  ordinarily  considered  in  this  con- 
nection since  we  have  not  found  leucin  and  tyrosin  in  the 
urine  in  amounts  which  would  compare  with  those  found  in 
acute  yellow  atrophy .••    It  is  to  be  considered  rather  as  in 


**  For  a  detailed  ditcuanoii  of  tUc  tubjcct  tee  fourth  paper  of  this  aeries,  **  Nuclein 
Metabolism." 

wpreiind,  £.  aad  Tcepfer,  G,,  Ueber  den  Abbau  des  Nahnmgseiweisses  in  der 
Leber,  ZHi.  f.  tsp.  Path,,  1906,  iii,  63a. 

**Riess,  L.,  Pbosphorvergiftiing  and  Leberatrophie,  BirL  klin,  Woch,,  1905,  xlii 
(Ewald   Festnnmmer  44  a,   54)* 
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the     "  colloidal  *'     form     as     described     by     Salkowski     and 
Mancini.*^ 

SUMMARY. 

1.  In  focal  and  diffuse  necroses  of  the  liver  due  to  hemo- 
toxic sera  there  occurs  an  increased  elimination  of  total  nitro- 
gen with  a  corresponding  augmented  output  of  urea.  The 
ammonia  excretion  becomes  slightly  diminished  at  first,  but 
later  rises  somewhat  above  normal.  The  undetermined 
nitrogen  is  markedly  increased. 

2.  In  diffuse  degeneration  with  no  necrosis  on  the  other 
hand  only  a  slightly  increased  output  of  total  nitrogen  is 
evident.  A  rearrangement  of  the  urea-ammonia  proportion 
occurs  in  that  the  ammonia  excretion  is  augmented  while  the 
urea  elimination  is  correspondingly  diminished.  The  unde- 
termined nitrogen  rises  but  little. 

3.  In  control  experiments  with  normal  serum  no  effect  is 
produced. 

4.  These  results  would  appear  to  indicate  that  in  lesions 
characterized  by  uniform  degeneration  of  the  liver  paren- 
chyma, in  contradistinction  to  necrosis,  there  occurs  no  in- 
creased nitrogen  elimination  but  merely  a  disturbance  of  the 
urea-forming  function  of  the  cell  without  the  appearance  in 
the  urine  of  products  of  autolysis.  On  the  other  hand  in 
necrosis,  of  even  considerable  extent,  the  total-nitrogen  is 
greatly  augmented,  as  is  also  the  rest-nitrogen;  while  the 
production  of  urea,  on  account  of  the  persistence  of  normally 
functioning  liver  cells,  remains  relatively  unchanged. 

This  "  factor  of  safety  "**  possessed  by  the  liver  is,  we  think, 
one  of  the  most  important  results  brought  out  in  this  investi- 
gation and  must  be  given  great  weight  in  any  consideration 
of  the  chemistry  of  hepatic  disturbances. 


*>  Mftncini,  S.,  Studi  un  nuovo  segno  per  la  diagnosi  di  insufficienza  epatica;  Con- 
tribute  alio  studio  dell'azeta  colloidale  nelle  urine  normali  e  pathologiche,  (Arch,  di 
farmocoL  speriment,   1906)   Ref.  in  Biochem.  Cent.,   1906,  v,  549. 

•*  Meltxer,  S.  J.,  The  Factors  of  Safety  in  Animal  Structure  and  Animal  Economy, 
Jour,  of  Amtr,  Med,  Assoc,  1907,  xlviii,  655. 
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EXPERIMENTAL  LIVER   NECROSIS;  IV.   NUCLEIN 
METABOLISM.^ 

By  holmes  C  JACKSON,  Ph.D., 

Adjunct  ProfcMor  of  Physiological  Chemistry, 
XND 

RICHARD  M.  PEARCE,  M.D., 
Professor  of  Pathology  and  Bacteriology,  Albany  Medical  College. 

The  experiments  here  detailed  were  undertaken  for  the 
purpose  of  determining  the  process  or  processes  intimately 
concerned  in  the  increased  elimination  of  uric  acid  which, 
as  has  been  shown  elsewhere,^  accompanies  the  augmented 
output  of  total  nitrogen  when  hemotoxic  serum  is  injected. 
The  fact  that  the  principal  lesion  produced  by  the  toxic  serum 
is  in  the  liver  lends  peculiar  interest  to  the  problem,  in  view 
of  the  important  part  which  this  organ  is  supposed  to  play 
in  the  formation  of  endogenous  uric  acid.  The  direct  object 
of  the  experiments  was  to  determine  whether  the  increased 
elimination  of  uric  acid  in  dogs  under  these  conditions  was 
the  result  of  the  breaking  down  of  nuclear  material  during 
the  necrosis  which  follows  the  injection,  or  whether  it  signi- 
fied simply  a  diminished  oxidative  power  on  the  part  of  the 
hepatic  cell  by  which  the  uric  acid  normally  oxidized  to 
simple  complexes  is  eliminated  unchanged.  Or,  more  con- 
cisely, does  an  actual  increase  in  the  production  of  uric  acid 
from  the  nucleic  acid  of  the  decomposed  nuclei  cell  occur  or 
is  there  a  simple  rearrangement  of  enzymotic  equilibrium  by 
which  less  uric  acid  is  decomposed  than  normally. 

Schittenhelm*  has  isolated  two  enzymes  from  the  spleen 
and  liver,  one  of  which  causes  a  hydrolytic  splitting  off  of 
the  amino  group  of  guanin  and  adenin  transforming  these 
bodies  thereby  into  xanthin*  and  hypoxanthin  respectively; 
the  other  an  oxydase,  xantho-oxidase  (Jones),  oxidizes  the 
latter  compounds  into  uric  acid.     Since  adenin,  guanin,  xan- 


'  Conducted  under  grants  from  the  Rockefeller  Institute  for  Medical  Research. 
Published  also  in  Journal  of  Experimental  Medicine,   1907,  ix,  569. 

'  See  third  paper  of  this  series  **  Nitrogenous  Metabolism." 

■  Schittenhelm,  A.,  Ueber  die  Hamsaurebildung  in  Gewebsausziigen,  Zeit,  f.  physiol, 
Chem.,  1904,  xlii,  S51;  Ueber  die  Hamsaurebildung  und  die  Hamsiurezersetxung 
in  dem  Auszugen  der  Rinderorgane,  ibid,,  1905,  xlv,    isi. 
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thin  and  hypoxanthin  are  found  in  varying  amounts  in  the 
different  nucleic  acids  which  give  character  to  the  nudeo- 
proteid  of  the  nucleus  we  have  a  fairly  definite  process  by 
which  uric  acid  results,  it  may  be  assumed,  from  the  decom- 
position of  the  nucleus  by  means  of  autolytic  enzymes  aided 
perhaps  by  a  special  oxydase. 

On  the  other  hand,  however,  the  fact  has  long  been  known 
that  various  tissues  are  capable  of  decomposing  uric  acid. 
Wiener,*  Schittenhelm*  and  Almagia*  have  recently  studied 
the  question  in  detail  and  describe  the  presence  of  uricolytic 
enzymes  in  various  tissues  of  several  animals.  Schittenhelm 
claims  that  the  calf's  kidney  is  most  active  in  this  regard 
with  the  liver  of  the  same  animal  second  in  power.  Pfeiffer^ 
was  able  to  prove  that  ninety  to  ninety-five  per  cent,  of  the 
uric  acid  added  to  human  kidneys  suffered  decomposition. 
In  the  horse  Almagia  found  the  most  active  enzyme  to  be  in 
the  liver.  These  results  indicate  that  the  liver  among  other 
organs  possesses  the  power  of  forming  uric  acid  by  oxidiza- 
tion and  perhaps  also  by  synthesis,'  while  at  the  same  time 
it  is  capable  of  decomposing  it  through  the  stages  of  allantoin 
and  glyoxylic  acid. 

Austin*  has  raised  the  point,  however,  that  the  alkali  in 
which  the  uric  acid  is  dissolved  is  capable  of  splitting  up 
the  latter  and  that  all  preparations  of  uricoljrtic  enzymes  con- 
tain purin  bases  which  readily  become  transformed  into  uric 
acid.  Notwithstanding  the  latter  criticism  it  seems  fairly 
well  founded  that  the  reaction  under  discussion  is  a  reversible 
one  in  which  synthetic  and  analytic  processes  come  into  a 
state  of  equilibrium  in  the  cell  and  that  alterations  in  the 

*  Wiener,  H.,  Ueber  Zenetsung  und  Bfldung  der  Harnsitare  tm  Thierkftrper,  Arcfu 
f,  txptr,  Paih,  u,  Pharm,,  1899,  xlH,  375. 

■Schittenhelm,  A.,  Ueber  das  uricolytiache  Ferment,  Zeit,  f,  physioL  Clum;  1905, 
zhr,  x6i. 

■Almacia,  M.,  Znr  Lehre  vom  Hamsinrestoffwechtel,  Ueber  die  Zenetzong  der 
Hamsfinrei  dnrch  die  Organe  des  Saugetheirs,  Bnl,  #.  dttm,  Pkys,  u,  Pati^.,  1905, 
▼ii.  459. 

*  Pfeiffer,  W.,  Zur  Lehre  vom  Hams&urestoffwechael,  Ueber  die  2^ersetsting  der 
Hamsaure  dnrch  mentchliche  Nierengewebe,  BtitrSg*  m.  chem,  Phys,  u,  Paih,,  1905, 
▼ii.  463. 

*  Bnrian,  R.,  Ueber  die  oxydatiTe  und  die  Termeintliche  ssmthetiache  Bildung  Ton 
Hama&nre  im  Rinderleber  Auszug,  Z«tl.  f.  phytiol.  Chem.,  1905,  xliii,  497;  Die 
Herkunft  der  endogenen  Hampurine  bei  Mensch  und  Saugethier,  ibid,  1905,  xliii, 
53a. 

'Austin,  A.  E.,  The  Uricolytic  Enzyme  in  Animal  Organs,  Jour,  of  Mtd,  /?#• 
starch,   1906,  xv,  309.     The  Uricolytic  Enzjrme,  ibid.,   1^7,  xvi,  7. 
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activity  of  one  or  the  other  set  of  enzymes  increase  or  dimin- 
ish the  elimination  of  uric  acid  without  the  occurrence,  neces- 
sarily, of  an  increase  or  decrease  in  the  amount  of  purin 
material  formed  from  the  nucleic  acid  of  the  nucleus. 

If  the  increased  elimination  of  uric  acid  in  dogs  injected 
with  toxic  sera  is  the  result  of  altered  uric  acid  equilibrium 
of  the  cell,  as  just  described,  one  would  expect  to  find  that, 
as  more  xanthin  and  hypoxanthin  are  oxidized  to  uric  acid, 
less  of  these  purins  should  be  eliminated  in  the  urine.  On 
the  other  hand,  if  the  uric  acid  is  the  result  of  a  new  forma- 
tion from  the  nucleic  acids  then  an  increase  in  purins  also 
would  be  expected  and  at  the  same  time  an  augmentation  in 
elimination  of  phosphoric  acid  in  some  form^^  as  the  result 
of  the  splitting  of  the  nucleic  acid  molecule.  In  the  forma- 
tion of  uric  acid  by  the  first  process  no  change  in  phosphoric 
metabolism  should  take  place. 

Methods. — ^The  experiments  presented  in  Tables  I,  II  and  III 
were  carried  out  in  the  following  manner:  The  animals  were 
placed  upon  nitrogenous  equilibrium  after  which  estimations 
were  made  during  a  three  day  fore  period.  An  injection  was 
then  given,  and  in  two  instances  a  second  injection  after  a 
lapse  of  one  and  three  days  respectively.  The  observations 
were  continued  until  after  the  maximum  effect  was  reached. 
The  purin-free  diet  was  a  casein,  cracker  dust  and  lard  mix- 
ture. The  urine  was  examined  for  total-nitrogen  by  the 
Kjeldahl-Gunning  method,  the  uric  acid  and  purin  bases  were 
determined  by  the  Salkowski  procedure,  and  the  inorganic 
phosphates  by  titration  with  uranium  nitrate,  using  potassium 
ferrocyanide  as  an  indicator.  The  method  used  for  total 
phosphorus  was  fusion  of  the  evaporated  residue  of  the  urine 
with  sodium  hydroxide  and  potassium  nitrate,  precipitation 
with  ammonium  molybdate  in  the  presence  of  ammonium 
nitrate,  solution  of  the  ammonio-phosphomolybdate  in  am- 
monia and  re-precipitation  with  magnesium  mixture.  This 
precipitate  was  filtered  off,  incinerated  and  weighed  as  mag- 
nesium pyrophosphate. 

The  question  of  the  presence  of  phosphorus  in  the  urine  in 
organic  form  has  recently  received  attention  from  various  in- 


^  Jackson,  H.  C.  and  Blackfan,  K.  D.,  Action  of  Certain  Drugs  on  the  Elimination 
of  Uric  Add  During  a  Nitrogen-free  Diet,  Albany  Medical  Anvals,  1907,  xriii,  24, 
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vestigators  among  whom  Bergmann"  and  LeClerc  and  Gx)k** 
incline  to  the  opinion  that  all  of  the  phosphorus  of  the  urine 
exists  in  the  inorganic  form.  The  latter  observers  studied 
the  phosphorus  content  of  the  urine  by  means  of  determina- 
tions made  by  Neumann's**  method,  and  by  that  outlined 
above,  and  compared  the  results  with  those  obtained  by  the 
uranium-titration  procedure.  They  show  that  the  results  by 
the  dry  fusion  method  are  uniformly  higher  by  three  to  four  per 
cent,  than  those  given  either  by  uranium  acetate  or  by  Neu- 
mann's method ;  hence  they  incline  to  the  view  that  this  differ- 
ence is  within  the  limits  of  error  and  that  no  organic  phos- 
phorus is  present  in  normal  urine. 

We  cannot  agree  with  these  conclusions  in  view  of  the 
results  obtained  by  one  of  us  in  a  study  of  the  elimination  of 
organic  phosphorus  after  the  administration  of  sodium 
salicylate.**  Nor  do  they  receive  support  from  the  results 
which  are  presented  in  this  communication.  The  constant 
uniformity  of  difference  shown  by  the  fusion  method  over 
that  of  titration  seems  to  indicate  that  the  difference  is  not 
due  to  the  factor  of  error  in  the  method.  We  have  performed 
in  this  connection  some  preliminary  experiments  with  a  view 
to  explaining  the  differences  reported  and  expect  to  continue 
them  more  in  detail.  At  present  we  can  say  that  Neumann's 
method  apparently  yields  results  which  agree  closely  with 
those  obtained  by  titration  with  uranium  nitrate,  using 
potassium  ferrocyanide  as  indicator.  When  the  fusion 
method  is  employed  the  figures  obtained  are  uniformly  higher 
than  by  both  of  the  other  methods.  At  present,  therefore,  we 
incline  to  the  opinion  that  phosphorus  in  other  than  inorganic 
form  is  present  in  normal  urine. 


"  Bergroann,  W.,  Ueber  die  Ausscheidung  der  Phosphonaure  beim  Flebch  und 
PUnzenfresser,  Arch,  f.  exp§r.  Path,  u,  Pharm,,  1901,  xMl,  77. 

"LeClerc,  J.  A.,  and  Cook,  F.  C,  Metabolism  Experiments  with  Organic  and 
Inorganic  Phosphorus,  Jour,  of  Biol,  Ch^m,,   1906,  ii,  203. 

>*  Neumann,  A.,  Einfache  Veraschungsmethode  (Sauregemisch-Veraschung),  ZeU, 
f,  physiol.  Chtm,,   1902,  xxxvii,  1x5. 

>*  Jackson,  H.  C.  and  Blackfan,  K.  D.,  Action  of  Certain  Drugs  on  the  Elimina- 
tion of  Uric  Acid  During  a  Nitrogen-free  Diet,  Albany  Mboical  Annals,  1907, 
/xviii,   24, 
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SATE. 

Qbamb  Nmoom  18 

OBAiaP.0.. 

Notes. 

IbtoL 

Urie  Add. 

PurinBttM. 

Inorganie. 

Organle. 

12 
18 

14 
15 

16 
17 
18 

7.86 
5.51 
4.70 
4.10 

6.07 
12.50 

11.06 
18.81 
11.08 

0.0015 
0.0150 
0.0141 
0.0121 

0.0126 
0.0246 

0.0127 
0.0810 
0.0808 

0.001 
Lort 
0.0062 
0.0007 

0.0281 
0.0160 

Loat 
0.0287 
0.0265 

0.8M 
0.662 
0.690 
0.676 

1.000 
0.690 

0.848 
0.620 
0.866 

0.147 
0.008 
0.067 
O.OiO 

6.085 
0.121 

0.072 
0.068 
0.028 

laJeaioQ  id  A.  M.  tozle 
flemm;  dow  1:  785. 

InjeeUon  11  A.  M.  tozle 

MTum;  dow  1: 1746. 
HbnrU. 

EUled. 

TABLE  IL 
Nuclein  Metabolism.    Dog  61. 


DATR 

QbambP.0.. 

Notaa. 

ToUL 

UrioAdd. 

PurinBaaet. 

Inorsanie. 

Organic. 

24 

25 
26 
27 
28 
20 

8.88 
8.88 
8.12 

4.57 
5.74 
6.88 
6.54 
5.60 

0.0042 
0.0068 
0.0060 

0.0167 
0.0886 
0.0241 
0.0200 
0.0112 

0.0066 
0.0072 
0.0070 

0.0108 
0.0107 
0.0124 
0.0285 
0.0066 

0.478 
0.554 
0.584 

0.540 
0.887 
0.887 
0.826 
0.856 

0.078 
0.052 
0.007 

0.086 
0.074 
0.064 
0.046 
0.118 

Injackad  12  M.  tozio  aamm: 

doaa  1:087;  vomited. 
HburU. 
Hboria. 

Killed. 

TABLE  in. 
Nuclein  Metabolism.    Dog  63. 


DATE. 

GbAMS  NiTBOOBN  18 

GSIMB  PtOs. 

Notea. 

TotaL 

Urie  Add. 

PnrinBaaea. 

Inorganie. 

Organle. 

16 

17 
18 

10 

20 
21 
22 
28 

4.74 
4.41 

4.26 

5.20 
4.24 

4.84 

4.75 
7.64 
8.38 
6.21 

0.0067 
0.0054 

0.0068 

0.0240 
0.0148 

0.0100 

0.0188 
0.0141 
0.0006 
Loat 

0.0061 
0.0068 

0.0076 

0.0110 
0.0088 

Loat 

0.0181 
0.0116 
0.0187 
0.0188 

0.520 
0.567 

0.5S0 

0.641 
0.508 

0.585 

0.576 
0.485 
0.440 
0.5S0 

0.062 
0.100 

0.072 

0.062 
0.078 

0.066 

0.066 
0.090 
0.075 
0.111 

Injected   11   A.   M.   tozle 
aenim;  doae  1:885;  Tom- 
Ited. 

Injeoted  11  A.  M.  tozle 
serum;  doae  1:567;  tom- 
ited. 

Hboria. 

Hboria. 

as*- 
Killed. 
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Results, — From  the  figures  in  the  above  table  it  is  evident  that 
the  increase  of  uric  acid  after  injection,  as  noted  in  the  study 
of  the  nitrogenous  metabolism/^  is  constant  and  that  there 
also  occurs  an  increase  of  purin  bases  and  with  one  exception 
of  phosphorus  pentoxide.  This  general  increase  occurs  not 
only  after  the  first  but  also  after  subsequent  injections.  It 
reaches  its  maximum  on  the  second  day  and  then  falls  away. 
The  uric  acid  increase  is  greater  proportionately  than  that 
of  the  total  nitrogen,  hence  an  augmentation  of  the  per- 
centage uric  acid  in  terms  of  total-nitrogen  takes  place.  The 
uric  acid  nitrogen,  however,  returns  to  the  normal  sooner  than 
the  latter.  The  same  facts  hold  true  for  the  purin  bases  the 
elimination  of  which  runs  parallel,  in  a  general  way,  to  the 
uric  acid  output.  In  the  one  instance  (Table  II,  Dog  6i)  in 
which  the  phosphorus  pentoxide  elimination  remained  con- 
stant there  still  occurred  the  markedly  increased  uric  acid 
and  purin  base  output.  That  the  phosphorus  pentoxide 
elimination  did  not  follow  that  of  the  uric  acid  and  purin  bases 
is  to  be  explained  by  the  fact  that  after  the  injection  the 
animal  ate  only  a  quarter  of  the  daily  food  allowance. 
Although  on  the  day  following  the  injection  the  amount  in- 
gested of  phosphorus  pentoxide  was  therefore  diminished,  the 
elimination  of  inorganic  phosphates  remained  unchanged. 
This  would  indicate  that  an  actual  increase  in  endogenous 
phosphorus  pentoxide  formation  took  place,  thus  bringing 
the  apparent  exception  in  agreement  with  our  other  observa- 
tions.   The  organic  phosphorus  elimination  was  unaltered. 

The  question  as  to  the  cause  of  the  increased  output  of  uric 
add  during  a  purin-free  diet,  observed  after  various  experi- 
mental procedures,  has  been  variously  explained.  Beebe**  con- 
cludes that  the  increase  found  after  alcohol  administration  is  to 
be  attributed  to  a  diminished  oxidative  power  on  the  part  of  the 
hepatic  cells  although  the  purin  bases  were  likewise  increased. 
In  commenting  upon  this  view  Jackson  and  Blackfan,  from  re- 
sults which  they  obtained  with  alcohol,  inclined  to  the  opinion 
that  the  facts  would  warrant  rather  the  assumption  that  the 
alcohol  causes  an  increased  new  formation  of  uric  acid  and 


^See  third  paper  of  this  series  "Nitrogenous  Metabolism." 
>*Beebe,  S.  P.,  The  Effect  of  Alcohol  and  Alcoholic  Fltdds  npon  the  Excretion 
of  Uric  Acid  in  Man,  Am^.  Joi$r,  of  Physiol.,  1904,  acH,  13. 
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purin  bases,  and  they  adduced  as  evidence,  among  other 
factors,  the  augmented  excretion  of  organic  phosphorus. 

According  to  the  view  of  Schittenhebn,  concerning  the  prob- 
able way  in  which  the  uric  acid  is  formed  from  the  nucleo-pro- 
teid,  we  would  expect,  if  for  any  cause  oxidation  in  the  hepatic 
cell  is  diminished,  the  xantho-oxydase  would  be  affected,  and 
as  a  result  less  uric  acid  would  be  formed  from  the  purin  bases 
than  under  normal  circtunstances.  An  increase  in  purins  would 
also  occur  if  the  hydrol3rtic  splitting  enz3rmes  were  unaffected. 
An  augmentation  of  uric  acid  would  take  place  either  as  the 
result  of  a  diminished  power  of  the  uricolytic  enzymes  or  as  the 
result  of  an  increased  new  production,  other  things  being  equal. 
In  the  latter  -case  the  purin  would  also  be  increased. 

The  results  reported  in  the  paper  on  nitrogenous  metabolism 
do  not  indicate  that  the  injection  of  a  hemotoxic  serum  causes 
a  prolonged  or  decided  decrease  in  the  oxidative  power  of  the 
hepatic  cell.  As  a  whole  the  organ  continues  to  perform  its 
functions  in  the  normal  way.  We  must  therefore  explain  the 
increase  in  purins  and  uric  acid  as  a  decomposition  of  nuclear 
material  in  the  autolysis  occurring  in  the  areas  of  necrosis.  This 
is  brought  about  by  the  hydrol)rsis  of  the  nucleic  acids.  Such 
an  explanation  agrees  with  the  feeding  experiments  performed 
by  Sweet  and  Levene*^  upon  a  dog  with  an  Eck  fistula.  They 
found  the  ingestion  of  nucleic  acids  to  be  followed  by  a  rise  in 
uric  acid  and  total  phosphorus  elimination.  The  fact  that  the 
increased  excretion  of  these  nuclear  compounds  usually  reaches 
its  maximum  in  our  experiments  on  the  second  day,  when  the 
autolysis  is  at  its  height,  would  also  strengthen  this  explanation. 

The  increased  elimination  of  inorganic  phosphates  which  ac- 
companies the  output  of  uric  acid  would  likewise  point  to  the 
new  formation  of  the  latter  from  the  nucleic  acids  formed  as 
a  step  in  the  autolysis  of  nuclear  material.  The  phosphoric  acid 
radical  of  these  acids  is  evidently  excreted  in  inorganic  form  and 
thus  the  mechanism  differs  from  that  observed  in  connection 
with  the  administration  of  alcohol  and  salicylic  acid  under  which 
circumstances  the  phosphoric  acid  is  apparently  eliminated  in 
organic  combination,  since  no  increase  in  inorganic  phosphates 
occurs. 


^  Sweet,  J.  £.,  and  Levene,  P.  A.,  Nudein  MetaboUtm  in  1  Dog  with  Eck**  Fittnla, 
Jour,  of  Exptr,  Mtd.,  1907,  ix,  SJ9. 
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AUatotn. — In  the  dog,  the  largest  part  of  the  quantity  of  uric 
acid,  ingested,  as  shown  by  Swain,^*  disappears  and  is  not  ex- 
creted. In  the  experiments  outlined  above  it  is  not  improbable, 
therefore,  that  a  much  larger  amount  of  tuic  acid  was  produced 
in  the  necrosis  of  the  cell  nucleus  than  was  eliminated.  Of  the 
total  amount  formed  only  a  small  proportion  escapes  hydrolysis 
and  appears  in  the  urine.  Swain  also  has  shown  tliat  the  inges- 
tion of  large  amounts  of  uric  acid  is  followed  by  the  elimination 
of  small  quantities  of  allantoin. 

In  order  to  obtain  evidence  upon  this  point  the  urine  of  the 
six  animals  under  observation  in  the  experiments  reported  in  the 
paper  on  nitrogenous  metabolism,  was  examined  for  allantoin 
according  to  the  method  of  Loewi.*'  The  results  are  not  uni- 
form but  indicate  that  usually  the  increase  of  uric  acid  is  accom- 
panied by  an  increase  in  allantoin;  for  example,  in  one  the 
amount  of  uric  acid  the  day  before  injection  was  0.018  gram 
and  of  allantoin  0.319;  in  the  urine  of  the  twenty-four  hour 
period  following  the  former  rose  to  0.337  and  the  latter  to  0.669. 

CONCLUSIONS. 

In  necrosis  of  the  liver  of  the  dog  produced  by  hemotoxic 
inmiune  sera,  the  increased  excretion  of  uric  acid,  purin  bases 
and  inorganic  phosphorus  pentoxide  is  the  result  of  the  hydrol- 
ysis of  nuclear  material  occurring  during  the  autolysis  of  the 
necrotic  tissue. 


''Swrnin,  R.  E.,  Fonnation  of  AlUntoin  from  Uric  Add,  Am4r,  Jowr,  of  PhfsioL, 
1901,  Ti,  38. 

"  Loewi,  O.,  Beitrige  zur  Kenntnit  des  Nucleinstoffwechaels,  Arch.  f.  txp.  Path, 
u.  Pharm,,  1900,  xliv,  so. 
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EXPERIMENTAL  LIVER  NECROSIS.    V.  THE  FATS 
AND  LIPOIDS.^ 

By  holmes  C.  JACKSON,  Ph.D., 

Adjunct  Professor  of  Physiological  Chemistry, 
AND 

RICHARD  M.  PEARCE,  M.D., 
Professor  of  Pathology  and  Bacteriology,  Albany  Medical  College. 

The  results  outlined  in  this  communication  constitute  a  partial 
report  of  a  somewhat  comprehensive  investigation^  now  in 
progress  of  the  chemical  processes  concerned  in  the  variations 
occurring  in  the  amounts  of  fats  and  lipoids  in  the  hepatic  cell 
under  normal  and  various  pathological  conditions. 

It  has  seemed  advisable,  in  connection  with  the  other  investi- 
gations of  liver  necrosis  here  presented,  to  discuss  at  this  time 
only  that  part  of  the  general  study  which  deals  with  the  fatty 
changes  in  hepatic  necrosis  brought  about  by  the  injection  of 
hemotoxic  immune  serum. 

The  study  of  such  lesions  is  of  peculiar  value  in  view  of  the 
attempts  which  have  been  made  to  bring  into  a  relation  of  cause 
and  effect  the  autolysis  of  the  organ  and  the  appearance  of  the 
fat.  .We  have,  therefore,  with  this  point  in  view  attempted  to 
determine  whether  in  the  necrosis  (autolysis)  which  follows 
the  injection  of  the  serum  there  occurs  any  alteration  in  the  fat 
content  corresponding  to  changes  observed  in  the  nitrogenous 
constituents  of  the  cell.  Especial  interest  is  attached  to  this  ques- 
tion in  view  of  the  somewhat  widely  divergent  opinions  held  as 
to  the  origin  of  the  fat  which  appears  in  the  so-called  fatty  trans- 
formation of  various  organs.  That  the  fat  does  not  arise  from 
a  peculiar  decomposition  of  the  proteid  molecule  in  the  cell,  the 
fatty  degeneration  of  Virchow,  seems  fairly  well  established. 
On  the  other  hand,  Rosenf eld*  and  others  hold  that  the  fat  makes 

>  Conducted  under  grants  from  the  Rockefeller  Institute  for  Medical  Research. 
Published  also  in  Journal  of  Experimental  Medicine,  1907,  Ix,  578. 

'This  investigation,  including  a  study  of  the  fatty  changes  occurring  in  various 
experimental  lesions  of  the  liver  of  the  dog  and  of  certain  pathological  conditions 
of  the  human  liver,  will  be  published  later  in  full  by  H.  C  Jackson  and  L.  K. 
Baldauf.  We  wish  to  express  here  our  indebtedness  to  Dr.  Baldauf  for  the  privilege 
of  utilizing  in  this  partial  report  that  portion  of  his,  work  which  refers  to  necroses 
of  the  liver  produced  by  haemotoxic  serum. 

*RosenfeId,  G.,  Fetbildung,  Ergebnisse  der  Pkysiologie,  1902,  i,  651;  ibid.,  1903, 
ii,  50. 
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its  appearance  as  a  simple  infiltration  from  without  when  for  any 
reason  the  cell  has  received  an  injury  which  seems  to  inhibit  its 
oxidizing  power.  The  appearance  of  fat  in  organs  during 
phlorhizin  poisoning  is  thus  explained  by  Lusk.*  Waldvogjel,® 
however,  who  has  investigated  this  question  most  thoroughly 
believes  that  the  process  is  one  closely  allied  to  autolysis.  His 
theory  is  that  normally  certain  substances,  which  may  be  called 
combined  fats,  such  as  the  ovovitellin  of  Hoppe-Seyler,  or  the 
lecithalbumin  of  Liebermann,  hold  the  fatty  radical  in  a  combi- 
nation which  does  not  react  to  microchemical  fat  stains,  such 
as  Scharlach  R  or  Sudan  III,  and  which  cannot  be  removed 
chemically  by  the  ordinary  fat  solvents.  These  substances,  how- 
ever, during  autolysis  become  split  in  such  a  manner  that  the 
fat  radical  is  liberated  in  the  form  of  protagon,  jecorin,  lecithin 
and  even  neutral  fats.  He  supports  this  contention  by  experi- 
ments upon  the  livers  of  phosphorus-poisoned  animals  and  upon 
normal  livers  undergoing  autolysis,  in  which  he  has  shown  there 
is  a  marked  augmentation  during  autolysis  of  such  substances 
as  protagon,  jecorin,  cholesterin,  fatty  acids  and  neutral  fats. 
The  lecithin,  on  the  other  hand,  is  diminished. 

Siegert*  has  also  shown  that,  although  in  autolysis  the  ether 
extract  of  the  liver  does  not  increase,  a  marked  rearrangement 
of  the  fatty  compounds  of  the  extract  takes  place,  and  that  the 
jecorin  rapidly  suffers  decomposition.  This  is  not  in  accord  with 
Waldvogel's  results.  In  this  connection  it  may  be  mentioned 
that  Taylor^  has  conducted  experiments  upon  normal  and  phos- 
phorus-poisoned frogs  and  finds  that,  although  the  absolute 
amount  of  free  fat  may  not  increase  after  the  administration  of 
phosphorus  the  combined  fats  estimated  after  digestion  with 
pepsin-hydrochloric-acid  suffer  a  marked  diminution  equivalent 
to  two-thirds  of  the  amount  originally  present. 

As  stated  in  previous  papers  in  this  series  phosphorus  poison- 
ing does  not  seem  to  set  up  in  the  liver  processes  which  are 

*Ray,  W.  E.,  McDcrmott,  T.  S.  and  Liisk,  G..  On  Metabolism  During  a  Com- 
bination of  Phosphorus  Poisoning  and  Phlorhizin  Diabetes,  Amer.  Jour,  of  PhysioL, 
1900,  iii,  139. 

■  Waldvogel,  Autolyse  und  fettige  Degeneration,  Virchovfs  Arch,  1904,  clxxvii,  i. 
Phosphorvergiftung  und  Autolyse,  Deut,  Arch.  f.  klin.  Med.,  1905,  Ixxxii,  437. 
Waldvogel  and  Mette,  Die  Autolyse  in  Menschlichen  fettige  degenerierten  Organen, 
MUnch.  med.  Woch.,  1906,  ix,  40a.  Waldvogel,  Die  durch  Fermente  bewirkten 
Umwandlungen  bei  der  fettigen  Degeneration,  Zeit.  f.  physiol.  Chem.,  1904,  xlii,  200. 

*  Siegert,  F.,  Das  Verbal  ten  des  Fettes  bei  der  Autolyse  der  Leber,  BeitrUge  mw 
chem.  Physiol,   u.  Path.,   190a,  i,   1X4' 

*  Taylor,  A.  E.,  On  Fatty  Degeneration,  Jour,  of  Med.  Research.  1903,  ix,  59. 
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Strictly  analogous  to  autolysis  following  necrosis,  hence  the  re- 
sults to  be  presented  must  not  be  considered  as  strictly  comparable 
to  those  obtained  in  other  lesions. 

Few  attempts  have  been  made  to  study  the  eflfect  of  a  true 
necrosis  upon  the  fat  constituents  of  the  cell.  Dietrich,*  as  the 
result  of  histological  studies,  claims  that  autolysis  is  not  an  im- 
portant factor,  since  tissues  introduced  into  the  peritoneal  cavity 
in  collodion  sacs  do  not  show  fatty  change.  When  the  tissue, 
however,  is  not  enclosed  in  sacs,  fat  droplets  appear  which  are 
present  not  in  the  cell  substance  but  in  the  interstices  of  the 
tissue.  He  also  tied  off  the  renal  arteries  and  found  a  "  depo- 
sition "  of  fat  around  the  necrotic  areas.  He  believes,  therefore, 
that  fat  will  not  appear  if  the  cell  is  completely  dead  as  in 
necrosis ;  but  only  when  it  continues  to  functionate  incompletely, 
as,  for  example,  must  be  the  case  with  the  cells  around 
necrotic  areas. 

This  opinion  we  can  confirm  as  the  result  of  the  histological 
study  of  focal  necrosis  caused  by  hemotoxic  serum.  Frozen 
sections  of  formalin-hardened  material  stained  with  Scharlach 
R  never  show  more  fat,  and  usually  less,  than  the  surrounding 
adjacent  normal  liver  tissue.  There  is  always  present  however, 
in  lesions  twenty-four  to  forty-eight  hours  old  a  very  definite 
and  striking  accumulation  of  fat  in  the  ring  of  more  or  less 
degenerated  cells  lying  between  the  necrotic  and  normal  liver. 
These  cells  correspond  to  those  which  in  hematoxylin  and  eosin 
preparations  present  a  vacuolated,  granular  protoplasm  and 
pycnotic,  poorly  staining,  nuclei." 

Di  Cristina,^*  who  conducted  experiments  somewhat  after 
the  nature  of  those  of  Dietrich,  and  made  chemical  analyses 
by  Rosenfeld's  method,  states  that  no  .increase  of  fat  occurs 
in  the  necrosis  caused  by  shutting  off  completely  the  renal 
circulation.  Of  considerable  interest  in  connection  with 
Dietrich's  view  are  the  experiments  reported  by  Bainbridge 
and  Leathes.**  These  investigators  ligated  the  hepatic  artery 
alone  and  thereby  obtained  an  increase  in  fat  but  no  necrosis. 

*  Dietrich,  A.,  Experimente  zur  Frage  der  fettigen  Degeneration,  Munch,  med. 
fVpch,,  1904*  lit   1 5 10* 

'Pearce,  R.  M.,  Regenerative  Changes  in  the  Liver:  A  Study  of  Experimental 
Letioiif  in  the  Dog,  Jour,  of  Med.  Research,  1906,  xv,  99. 

^Di  Crittina,  Die  chemischen  Verandenangen  bei  fer  fettigen  Degeneration  in 
Bcsi^Qng  tur  den  anatomiscben,  Virchow's  Arch.,  1905.  clxxxi,   509. 

**  Bainbridge,  F.  A.  and  Leatbes,  J.  B.,  The  Effect  of  Arterial  or  Venous  Obttruc* 
tion  upon  the  Nutrition  of  the  Liver  Cells,  Biochem.  Jour.,  1906,  ii,  35. 
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The  ligation  of  the  portal  vein  on  the  other  hand  resulted 
in  atrophy  of  the  cells  and  some  necrosis,  but  no  augmenta- 
tion of  fat.  These  experiments  appear  to  confirm  tiie  idea 
that  the  cells  must  retain  in  part  their  normal  function  and 
be  normally  bathed  with  the  circulating  fluids  in  order  to  give 
rise  to  the  appearance  of  fat  within  them. 

In  concluding  this  brief  discussion  which  merely  suffices 
to  indicate  the  trend  of  opinion  in  regard  to  the  subject  under 
investigation  it  may  be  said  that  much  of  the  discrepancy 
in  the  results  reported  can  be  safely  ascribed  to  the  varying 
methods  employed  especially  in  connection  with  the  extrac- 
tion of  the  fatty  material  from  the  tissue.  Siegert  has  also 
emphasized  the  ease  with  which  the  extracted  products  under- 
go laboratory  changes. 

Methods. — The  organs  were  removed  from  the  body  quickly, 
put  through  a  hashing  machine,  weighed,  and  dried  under 
absolute  alcohol  at  about  70-80*^  C.  At  this  stage  the  partially 
dry  material  was  weighed  and  then  ground  in  a  machine  to 
an  impalpable  powder.  Part  of  this  was  further  dried  in  a 
desiccator  to  constant  weight  and  upon  this  was  calculated  the 
dry  substance  and  nitrogen  content  of  the  original  tissue. 
Another  weighed  part  was  extracted  in  a  Soxhlet  with  alco- 
hol and  chloroform  successively  according  to  the  method  of 
Rosenfeld.  Each  total  extraction,  with  alcohol  and  with 
chloroform  lasted  on  an  average  thirty  hours.  In  some  cases 
the  original  partly-dried  material  was  so  fatty  that  a  rough 
extraction  with  chloroform  at  room  temperature  preceded 
the  grinding.  This  extract  was  added  to  the  subsequent  one 
obtained  from  the  Soxhlet.  The  total  fat  was  taken  up  in 
a  definite  volume  of  chloroform.  An  aliquot  portion  of  this 
was  evaporated  to  complete  dryness  at  about  70®  C.  and 
from  this  was  calculated  the  fat  per  cent,  of  the  tissue.** 

For  our  purposes  it  was  not  thought  necessary  to  keep 
separate  for  analysis  the  alcohol  and  chloroform  extracts  as 
Waldvogel  does  with  alcohol  and  ether.  This  procedure  is 
exceedingly  time  consuming  and  we  have  employed  another 
and   simpler   method   which   we   believe   has   given   results 

"We  have  employed  chloroform  in  this  connection,  since,  in  the  first  place,  it  is 
a  much  readier  solvent  for  the  fatty  compounds  than  either  sulphuric  or  petrolenm 
ether,  and  secondly,  because  all  of  the  ether  we  could  obtain  reacted  distinctly  acid 
to  pfaenolphthalein,  a  fact  already  alluded  to  by  Baldauf,  Chemistrv  of  Atheroma  and 
Calcification    (Aorta),  Jour,  of  Med.  Research,   1906,  xv,  355. 
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equally  definite.  Instead  of  attempting  to  decide  whether 
the  fat  compounds  present  in  the  extract  underwent  any 
change  or  rearrangement,  such  as  is  described  by  Waldvoget 
during  autolysis  of  normal  tissues  and  in  phosphorus  poison- 
ing, it  seemed  sufficient  to  determine  the  nitrogen  and  phos- 
phorus pentoxide  content  of  the  extract,  and  from  these 
figures  to  calculate  the  relationship  of  the  nitrogen  to  the 
phosphorus.  Since  the  molecule  of  the  lecithins  contains  one 
nitrogen  and  one  phosphorus  atom  the  relationship  P:N= 
i:i;  in  jecorin,  however,  this  ratio  is  1:4  and  in  protagon: 
about  the  same,  varying  from  i  :3.4  to  4.8.  The  latter  figure 
is  calculated  from  the  analyses  of  Dunham.^'  It  is  seen^ 
therefore,  that  the  greater  the  preponderance  of  substances 
of  the  jecorin  and  protagon  type  in  the  extract  the  higher 
would  be  the  P:N  ratio.  On  the  other  hand,  if  these  sub- 
stances should  undergo  an  autolytic  change  whereby  lecithin 
and  fatty  acids  were  produced,  this  ratio  should  fall  to  the 
neighborhood  of  1:1.  Hence  from  variations  in  this  ratio^ 
changes  in  the  fatty  constitutents  of  the  extract  should  be 
readily  determined. 

Measured  portions  of  the  chloroform  extract  were  analyzed 
in  duplicate  as  follows:" 

Total  nitrogen  by  the  Kjeldahl-Gunning  method;  phos- 
phorus pentoxide  by  the  usual  fusion  procedure  and  weigh- 
ing as  magnesium  pyrophosphate  and  the  iodine  equivalent 
as  outlined  by  the  Association  of  Official  Agricultural 
Chemists."  With  some  exceptions  portions  of  the  tissues 
analyzed  were  stained  with  hemotoxylin  and  with  Scharlach 
R  for  the  purpose  of  determining  roughly  in  a  comparative 
way  the  extent  of  the  necrotic  lesion  and  the  fat  content. 

Results. — The  table  presents  the  results  obtained  in  the  analy- 
sis of  four  dog  livers  with  normal,  four  to  five,  per  cent,  fat 
content,  one  apparently  normal  but  very  fatty  liver  with  21.9 
per  cent.,  five  with  focal  necrosis  and  three  with  diffuse 
necrosis  of  varying  degree.  As  can  be  seen  no  relation  exists 
between  the  degree  of  necrosis  and  the  amount  of  fat  present. 
The  high  amount  of  fatty  material  which  is  present  in  the 


^  Dunham,  E.  K.,  Further  Observations  on  the  Phosphorized  Fats  in  Extract* 
of  the  Kidney.  Proc.  of  Soc.  for  Exper.  Biol,  and  Med.,  1905,  ii.  63. 

^  In  most  instances  the  chloroform  had  to  be  completely  removed  before  tb« 
commencement  of  the  analysis. 

*»U.   S.   Dept.  of  Agriculture,    1899,    Bulletin  46,   50. 


Digitized  by  VjOOQ IC 


64  EXPERIMENTAL  LIVER  NECROSIS 


<  s 

^1 


Digitized  by  VjOOQ IC 


HOLMES  C.   JACKSON   AND  RICHARD   M.   PEARCE  65 

normal  liver,  extractable  by  the  newer  method  of  Rosenfeld, 
is  at  first  glance  surprising,  but  is  in  accord  with  the  results 
of  recent  investigators.  The  fat  per  cent,  of  all  the  necrotic 
livers  falls  between  the  normal  limits  with  the  exception  of 
43  and  21  which  are  above  the  normal,  but  these  do  not 
represent  the  most  extensive  necrosis.  Experiments  28  and 
29,  with  the  most  diffuse  necrosis,  show  normal  amounts  of 
fat. 

The  point  which  was  emphasized  in  one  of  the  previous 
papers*^  concerning  the  percentage  of  dry  substance  in  the 
fatty  livers  is  well  shown  in  the  table.  Whenever  the  fat 
per  cent,  rose  above  normal  the  per  cent,  of  dry  substance 
rose  almost  proportionately.  This  relation  is  readily  seen 
by  referring  to  that  column  in  the  table  in  which  is  given  the 
per  cent,  of  fat-free  dry  substance.  With  two  exceptions, 
the  dry  substance  without  fat  falls  between  18.8  to  26.7  per 
cent,  and  this  surprisingly  small  variation  is  in  no  definite 
relation  to  the  amount  of  fat  present.  The  two  exceptions 
are  one  with  normal  and  one  with  high  fat  content.  Wald- 
vogel  has  claimed  that  as  the  fatty  autolysis  increases  the 
water  content  of  the  tissue  also  rises.  We  would  be  inclined 
to  ascribe  this  rather  to  the  nitrogenous  autolysis  in  vivo 
which  as  we  have  pointed  out  elsewhere^*  tends  to  diminish 
the  amount  of  dry  substance  if  the  circulation  is  not  too 
greatly  impaired.  This  is  shown  clearly  in  Experiments  27, 
21,  28  and  29,  with  the  most  pronounced  necrosis,  in  which 
it  is  seen  that  the  figures  for  the  dry  fat-free  substance  lie 
on  the  lower  edge  of  the  variation  limit  for  this  factor. 

As  regards  the  nitrogen  content  of  the  tissues  a  somewhat 
similar  condition  of  affairs  is  evident,  and  although  this  point 
does  not  come  directly  into  this  part  of  the  general  subject 
it  is  of  considerable  interest.  It  will  be  seen  that  the  per 
cent,  nitrogen  of  the  fat-containing  dry  substance  varies  with- 
in rather  wide  limits  (6.7  to  12.7  per  cent.).  In  those  in- 
stances, however,  where  the  fat  content  is  high  the  nitrogen 
per  cent,  is  low,  as  would  be  expected.  If,  however,  the  nitro- 
gen of  the  fat-free  dry  substance  is  considered,  it  is  found 
that  the  figures  for  this  factor  are  surprisingly  constant 
throughout  (10.5  to  16.7  per  cent.).    Some  of  the  lowest  and 

**  Sec  ftrtt  paper  of  this  leriet,  "  The  Hexon  Bases." 
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highest  values  occur  where,  as  regards  the  fat  content,  the 
liver  tissue  was  perfectly  normal.  This  indicates  apparently 
that  in  conditions  such  as  those  under  discussion,  when  an 
increase  in  fat-content  occurs,  the  material  which  is  repre- 
sented by  the  nitrogen  of  the  tissues,  suffers  no  decrease  or 
increase  in  amount.  If  then  the  fat  originates  from  some 
compound  proteid  antecedent,  the  proteid  component  remains 
apparently  unchanged. 

A  consideration  of  the  character  of  the  fatty  extract  ob- 
tained from  normal  and  necrotic  tissues  presents  some  inter- 
esting facts.  In  regard  to  the  iodine  equivalent,  which 
indicates  roughly  the  content  of  oleic  acid  in  the  fat  mixture, 
it  is  evident  that  as  the  fat  per  cent,  increases  the  iodine 
absorption  factor  falls  below  normal  (Experiments  i8,  43,  27 
and  21).  This  low  iodine  factor  associated  with  increased 
fat  content  would  of  course  point  to  a  diminishing  content 
of  oleic  acid  radicals  as  the  fat  is  heaped  up  in  the  cell.  This 
again  directly  opposed  to  the  finding  of  Waldvogel  in  phosphorus 
poisoning. 

An  examination  of  the  nitrogen  and  phosphorus  pentoxide 
percentage  of  the  fatty  extracts  indicates  that  somewhat  wide 
variations  are  present,  the  nitrogen  varying  from  0.3  to  3.1 
and  the  phosphorus  pentoxide  from  i.i  to  7.3.  It  is  evident, 
however,  that  the  lower  percentages  are  in  those  experiments 
in  which  the  greatest  amount  of  fat  is  present  (Experiments 
18,  43,  27  and  21).  With  these  exceptions  the  percentage 
figures  are  quite  regular.  Only  one  explanation  can  be  made 
of  this  difference.  That  is,  that  as  fatty  compounds  make 
their  appearance  in  the  cell,  those  substances  predominate  which 
do  not  contain  nitrogen  or  phosphorus,  namely  the  neutral  fats, 
fatty  acids  and  cholesterin.*^ 

Of  particular  interest  is  the  ratio  of  phosphorus  to  nitrogen 
discussed  above.  It  is  seen  from  an  examination  of  the 
figures  in  the  table  that  this  ratio  remains  remarkably  con- 
stant regardless  of  the  absolute  variation  in  the  figures.  The 
ratio,  with  the  exception  of  Experiment  5  which  is  high,  varies 
only  from  1:2.4  to  4.9.  If  we  also  exclude  Experiments  21 
and  27  the  variation  is  still  further  reduced  to  1:3.5  *o  4-9» 

^We  poMets  confirmatory  evidence  upon  thit  point  in  the  results  which  hart 
been  obtained  with  the  saponification  equiralent  These  will  be  published  in  a  later 
ipapcr. 
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which  is  well  within  the  limits  of  error  or  better  perhaps  within 
the  calculation  error  as  made  from  the  published  figures  for 
nitrogen  and  phosphorus  percentages  of  such  poorly  defined  sub- 
stances as  protagon  and  jecorin.  This  high  ratio  indicates  that 
the  nitrogen-  and  phosphorus-containing  fats  present  in  the  ex- 
tracts are  of  the  protagon  and  jecorin  t3rpe  and  remain  so  irre- 
spective of  the  amount  of  fat  appearing  in  the  cell. 

It  must  be  admitted  that  some  slight  evidence  does  exist 
to  indicate  that  perhaps  under  certain  conditions  these  bodies 
may  undergo  autolysis.  In  the  two  experiments,  for  example 
21  and  27  with  a  low  ratio  (i  :24  to  3.0),  considerable  autoly- 
sis must  have  been  going  on  during  the  extensive  necrosis 
and  the  low  ratio  as  a  concomitant  factor  would  point  to  the 
appearance  in  the  extract  of  bodies  such  as  the  lecithins, 
which  as  previously  stated  possess  a  ratio  of  i:i.  In  these 
experiments  roughly  one-third  of  the  nitrogen-  and  phos- 
phorus-containing fats  has  been  replaced  by  lecithin,  accord- 
ing to  this  reasoning.  We  are  somewhat  sceptical,  however, 
of  the  validity  of  this  line  of  argument  since  it  does  not 
agree  with  Waldvogel's  observations;  nor  is  the  low  ratio 
present  in  the  two  experiments  (28  and  29)  where  one  would 
expect  it  to  be  most  markedly  diminished  since  the  necrosis 
was  most  pronounced.  In  these  two  instances,  however,  the 
ratio  is  normal.  As  the  low  ratio  occurs  in  only  two  out  of 
the  eight  experiments  in  which  necrosis  was  present,  we  are 
more  inclined  to  believe  that  some  other  factor  is  the  true 
cause  for  the  change. 

SUMMARY. 

1.  Changes  which  occur  in  the  fat  content  of  the  liver 
of  dogs  receiving  hemotoxic  serum  bear'  no  relation  to  the 
degree  of  necrosis  produced  by  this  serum. 

2.  An  increase  in  water  content  of  the  tissue  seldom  occurs, 
but  where  present  is  due  to  the  nitrogenous  autolysis  rather 
than  to  the  deposition  of  fat. 

3.  The  appearance  of  fat  in  the  cell  is  not  associated  with 
a  decomposition  of  the  proteid  component  of  the  compound 
fats,  but  rather  to  a  simple  splitting  off  of  the  fatty  radical. 
This  is  shown  by  the  slight  variations  occurring  in  the  per- 
centage nitrogen  of  the  fat-free  substance. 
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4.  The  iodine  equivalent  diminishes  as  the  fat  content  in- 
creases. This  would  indicate  that  in  the  fatty  changes  which 
occur,  fats  other  than  those  containing  oleate  radicals  make 
their  appearance. 

5.  The  ratio  of  phosphorus  to  nitrogen  in  the  alcohol- 
chloroform  extract  remains  practically  constant  in  all  degrees 
of  necrosis.  Hence  the  substances  of  the  protagon  and  jecorin 
type  hold  the  same  relation  to  the  lecithins  during  the  autoly- 
sis as  they  do  normally. 

6.  In  a  general  way  it  may  be  said  that  the  results  obtained 
in  the  microchemical  staining  of  the  fats  with  Scharlach  R 
agree  with  those  found  by  chemical  extraction  methods. 


AN  INVESTIGATION  OF  THE  NATURE  OF  PROTEID- 
SOAP  COMPOUNDS  AND  OF  THE  STAINING 
OF   PURE   FATS   AND   LIPOIDS   BY 
SCHARLACH  R  AND  SUDAN  III.* 

By  LEON  K  BALDAUF,  M.D.. 
Instructor  in   Pathology  and   Bacteriology,  Albany  Medical  College. 

These  studies  were  undertaken  for  the  purpose  of  further  in- 
vestigating certain  reactions  on  which  Klotz^  bases  in  a  large  part 
his  interpretation  of  pathologic  calcification  and  which,  as  his 
interpretation  is  not  in  accord  with  that  reached  by  Wells*  and 
independently  by  me,'  are  matters  of  considerable  importance 
in  the  elucidation  of  this  interesting  problem. 

The  observations  in  question  are  those  concerning  the  value 
of  the  so-called  proteid-soap  compounds  and  of  the  staining  of 
fats  and  lipoids  by  Sudan  III  and  Scharlach  R. 

PROTEID-SOAP   COMPOUNDS. 

Klotz,  as  the  result  of  a  series  of  microchemical  examinations 
of  various  kinds  of  calcified  tissues,  concluded  that  the  deposi- 

*  This  inTestigation  was  pursued  under  a  grant  made  by  the  Committee  on  Scientific 
Research  of  the  American  Medical  Association.  Published  also  in  Jotimal  of  tk€ 
Amtricon  Midical  Association,   1907,  xlix,  643. 

*  Studies  on  Calcareous  Degeneration,  I.  The  Process  of  Pathological  Calcification, 
Joi$r,  Bsp,  Med.,  1905,  vii,  633. 

*  Pathologic   Calcification,   Jour,    Med.    Researdi,    1906,   xiv,   491. 

'Chemistry  of  Atheroma  and  Calcification  (Aorta),  Jour.  Med.  Researeh,  i9o4» 
«▼,  355. 
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tion  of  lime  in  tissues  undergoing  calcareous  degeneration  is  de- 
pendent on  the  formation  of  calcium  soaps  as  an  intermediate 
step.  He  further  states  that  an  essential  factor  in  the  produc- 
tion of  these  soaps  is  the  initial  combination  of  a  soluble  soap 
and  an  albuminous  substance.  He  does  not  assume,  however, 
that  this  is  the  essential  process  in  all  varieties  of  pathologic 
calcification,  but  states  that  in  exceptional  cases  there  may  be 
two  other  possibilities :  First,  ^  that  under  certain  conditions 
the  calcium  salts  act  directly  on  the  neutral  fats  present  in  the 
degenerating  cells,"  or,  second,  "  that  the  neutral  fats  are  first 
broken  down  into  fatty  acids  and  that  these  react  with  the  calcitmi 
salts  to  form  the  soaps." 

As  he  was  convinced  that  the  combination  of  soaps  with  pro- 
teid  is  a  necessary  intermediate  product  in  certain  forms  of 
calcareous  degeneration,  he  attempted  to  reproduce  the  reaction 
in  the  test  tube.  To  a  weak  solution  of  a  soap  (sodium  stearate, 
oleate  or  palmitate),  a  dilute  solution  of  t^'g  albumen  was  added. 
In  a  half  hour  or  longer,  at  room  temperature,  a  white  flocculent 
precipitate  appeared.  This  he  considered  to  be  a  combination 
of  the  soap  and  the  egg  albumen.  When  this  product  was  treated 
with  Sudan  HI  the  same  pinkish  color,  visible  in  the  "  soap  " 
granules  in  tissues  undergoing  calcification,  was  seen  to  be 
present.  The  amount  of  precipitate,  he  states,  is  further  in- 
creased by  the  passage  of  carbon  dioxid  (COj)  through  the  solu- 
tion. Acid  calcium  phosphate,  which  does  not  affect  simple 
solutions  of  ^%%  albumen,  when  added  to  a  mixture  of  egg  albu- 
men and  soap  causes  a  rapid  and  dense  precipitation. 

As  microchemical  reactions  in  tissues  are  notoriously  unre- 
liable and  controlled  only  with  great  difficulty,  these  reactions 
in  the  test  tube  necessarily  formed  the  basis  of  Klotz's  theory 
and  their  explanation  is,  therefore,  of  the  greatest  importance. 

The  first  step  in  the  present  investigation  was  to  determine  the 
nature  of  this  precipitate,  that  is,  whether  a  real  combination 
of  proteid  and  soap  does  occur,  and  if  not,  to  ascertain  the  actual 
composition  of  the  precipitate.  These  experiments  were  carried 
out  with  egg  albumen  and  the  blood  senun  of  horses.  The  solu- 
ble soaps  used  were  sodium  stearate  and  sodium  oleate.  In 
repeating  the  experiments  of  Klotz  an  identical  reaction  was 
obtained,  that  is,  on  the  addition  of  the  soap  solutions  to  the  t^g 
albumen  or  horse  serum  a  flocculent  precipitate  appeared  which 
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gradually  increased  in  amount  and  reached  its  maximum  at  the 
end  of  twenty-four  hours.  In  order  to  determine  whether  or 
not  this  was  the  result  of  a  true  combination  of  proteid  and 
soap  or  merely  a  precipitation  of  some  substance  in  the  mixture, 
the  following  experiment  was  performed :  Two  lots  of  lOO  cubic 
centimeters  each  of  horse  senun  were  taken;  to  one,  lOO  cubic 
centimeters  of  distilled  water  were  added,  and  to  the  other  lOO 
cubic  centimeters  of  freshly-prepared  five  per  cent,  sodium  oleate 
solution.  At  the  end  of  twenty-four  hours  a  finely  granular 
precipitate  was  visible  in  the  serum-water  mixture,  while  in  the 
serum-soap  solution  a  copious  flocculent  precipitate  appeared. 
These  were  filtered  and  yielded  clear  straw-colored  filtrates.  In 
order  to  determine  whether  or  not  any  combination  of  proteid 
had  taken  place  in  the  soap-proteid  mixture,  duplicate  total  nitro- 
gen determinations  were  made,  by  the  Kjeldahl  method,  on 
aliquot  parts  (five  cubic  centimeters)  of  each  of  the  filtrates. 
The  results  were  as  follows: 

Total  Nitrogen. 

Serum  and  water  mixture.  Serum    and    soap    mixture. 
N  N 

20. 1 5  c.c.  of  —  acid.  20.1 5  ex.  of — acid, 

10  10 

From  these  figures  it  is  easily  seen  that  the  nitrogen  (proteid) 
contents  of  both  filtrates  was  the  same  and  that  no  more  nitro- 
gen was  thrown  out  of  solution  by  the  soap  than  by  the  water 
alone.  This  finding  is  of  considerable  importance,  for  if  a  true 
combination  of  proteid  and  soap  had  taken  place  the  filtrate  ob- 
tained after  the  removal  of  the  precipitate  would  have  contained 
less  nitrogen  (an  indication  of  soluble  proteid)  than  the  filtrate 
from  the  senun-water  mixture,  where  no  combination  was 
suspected.  As  this  did  not  occur  the  conclusion  is  inevitable 
that  the  precipitate  is  not  a  proteid-soap  compound,  but  must 
consist  of  a  mixture  of  other  substances  thrown  out  of  solution. 

In  order  to  throw  more  light  on  this  reaction,  experiments 
were  made  to  determine  the  influence  of  the  cdloids  (globulins, 
albumins)  and  salts  of  the  senun  and  egg  albumen  in  the  pre- 
cipitation of  the  soaps. 
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GLOBULINS. 

The  fact  that  Klotz  emphasized  the  increased  precipitation 
after  the  passing  of  carbon  dioxid  through  the  fluid  suggested 
the  possibility  of  the  globulins  of  the  serum  being  the  main  consti- 
tuent of  this  precipitated  material.  It  is  a  well-known  fact  that 
globulins  are  precipitable  from  neutral  solution  on  addition  of 
carbon  dioxid  gas.  Globulins,  therefore,  were  prepared  from 
normal  horse  serum  in  the  usual  way  (ammonium  sulphate 
method  with  dialysis).  The  globulin  thus  obtained  was  dissolved 
in  a  ten  per  cent,  solution  of  soditun  chlorid  and  a  small  quantity 
of  it  added  to  a  weak  solution  of  sodium  stearate.  Immf»diately 
a  heavy  flocculent  precipitate  appeared.  As  a  control,  however, 
a  ten  per  cent,  solution  of  sodium  chlorid  was  added  to  a  solu- 
tion of  the  soap,  and  an  apparently  identical  precipitation 
occurred. 

It  was  evident,  therefore,  that  the  material  precipitated  in 
the  first  instance  was  not  the  globulin  but  the  soap.  This  reac- 
tion is  analogous  to  the  salting  out  of  soaps  in  their  commercial 
manufacture.  In  an  attempt  to  exclude  this  factor  the  globulin 
was  put  in  solution  with  the  smallest  possible  quantity  of  salt, 
but  in  every  case  control  experiments  using  solutions  of  the  same 
strength  of  sodium  chlorid  showed  an  equal  and  similar  precipi- 
tation. The  only  part  then  which  the  globulin  can  play  in  this 
precipitation  lies  in  the  reaction  noted  above  in  which  the  globulin 
of  the  senmi  or  of  the  egg  albumen  can  be  precipitated  by  the 
addition  of  water  alone. 

INORGANIC  SALTS  OF  THE  BLOOD  SERUM  AND  EGG  ALBUMEN. 

To  a  weak  solution  of  sodium  stearate,  an  equal  quantity  of 
physiologic  sodium  chlorid  solution  was  added.  As  control,  an 
equal  quantity  of  distilled  water  was  added  to  another  portion 
of  the  sodium  stearate  solution.  At  the  end  of  twenty-four 
hours  a  precipitate  was  visible  in  both  tubes,  but  was  more 
marked,  however,  in  the  sodium  chlorid  solution.  In  the  sodium 
stearate  and  water  mixture  the  precipitate  was  finely  granular 
and  to  a  certain  extent,  diffuse,  while  in  the  soap-sodium  chlorid 
mixture  it  was  more  flocculent  and  the  supernatant  fluid  slightly 
translucent. 

As  a  further  control,  a  solution  of  the  normal  salts  of  the 
serum  were  obtained  as  follows :    One  hundred  cubic  centimeters 
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of  horse  serum  were  added  to  400  cubic  centimeters  of  distilled 
water.  The  mixture  w*as  then  boiled  and  the  proteid  coagulated 
by  the  careful  addition  of  acetic  add*  The  filtrate,  clear  and 
colorless,  was  then  evaporated  to  dryness  to  remove  the  excess 
of  acetic  acid  and  by  the  addition  of  distilled  water  was  brought 
up  to  the  original  volume  of  the  serum.  A  similar  solution  of 
salts  of  egg  albumen  was  obtained  after  removal  of  the  coa^- 
ulable  proteids.  To  ten  cubic  centimeters  of  each  of  the  proteid- 
free  solutions  ten  cubic  centimeters  of  sodium  stearate  solution 
were  added.  At  the  end  of  twenty-four  hours  a  precipitate  was 
visible  which,  although  much  finer  in  appearance,  approximately 
corresponded  to  the  precipitate  formed  by  the  addition  of  the 
physiologic  sodium  chlorid  solution  to  the  sodium  stearate.  As 
the  result  of  these  tests  it  may  be  stated  that  while  the  inorganic 
salt  content  of  tgg  albumen  or  of  serum  does  not  probably  cause 
the  whole  of  the  voluminous  precipitate  obtained  on  addition  of 
soap  to  the  proteid,  it  is  a  factor  in  the  production  of  a  small 
amount  of  it. 

In  this  connection  attention  must  be  called  to  the  calcium 
content  of  the  egg  albumen  (1.7  to  2.9  per  cent,  of  the  ash)  and 
blood  serum  (.015  per  cent,  of  the  serum).  In  both  of  the 
reactions  with  these  fluids  and  the  soaps  this  calcium  is  un- 
doubtedly a  factor  in  precipitating  this  latter  as  calcium  com- 
pounds. 

ALBUMINS. 

The  effect  of  salt-free  albumins  was  then  investigated.  These 
were  prepared  by  dialyzing  egg  albumen  and  horse  serum  for 
about  ten  days  or  until  tests  for  chlorids  were  negative.  In  each 
instance  the  precipitated  globulins  were  filtered  off;  in  the  case 
of  the  serum  a  small  amount  of  water  soluble  globulin  probably 
still  remained  in  solution.  Comparing  solutions  of  albumins  so 
prepared  plus  stearate  soaps  with  the  control  solutions  of  egg 
albumin  and  senmi  albumin  respectively  in  water,  at  the  end  of 
twenty-four  hours  no  difference  was  visible.  In  all  the  tubes  a 
very  small  amount  of  a  very  finely  granular  precipitate  occurred. 

These  reactions  render  it  probable  that  the  albumins  do  not 
enter  into  the  composition  of  the  precipitate  which  is  formed 
when  the  soaps  react  with  the  egg  albumen.  In  order,  however, 
to  exclude  the  possible  factor  of  the  albumen  inducing  a  "  col- 
loidal  precipitation "  experiments  were  performed   with   other 
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colloid  substances,  for  instance,  gelatin  and  starch.  With  gelatin 
a  marked  precipitation  was  apparent  with  the  soaps,  but  as  the 
admixture  of  calcium  salts  with  this  substance  could  not  be  elimi- 
nated, solutions  of  other  colloids  like  starch  were  tried. 

A  rather  fluid  starch  paste  was  prepared.  Some  of  this  was 
added  to  equal  parts  of  egg  albumen  and  blood  serum.  In  both 
cases  a  somewhat  gelatinous  precipitate  occurred  which  was 
shown  to  consist  of  starch.  Solutions  of  starch  added  to  the  soap 
solutions  caused  a  precipitate  which  was  analogous  to  that 
produced  by  water  alone.  Apparently,  therefore,  colloids  may 
precipitate  starch  from  solutions  as  well  as  soaps,  but  the  reverse 
does  not  occur. 

Thus  far  only  a  small  amount  of  the  precipitate  has  been  ac- 
counted for.  We  have  shown  that  the  inorganic  salts  of  the 
serum  are  responsible  to  a  slight  extent  in  the  precipitation  of 
the  soaps ;  the  albumins  on  account  of  their  colloidal  nature,  pos- 
sibly also  in  the  same  degree,  while  the  globulins  enter  only 
slightly  into  the  composition  of  the  precipitate  as  a  result  of  the 
dilution  of  the  mixture  by  the  solutions  added. 

FATTY  ACIDS. 

The  (hanges  occurring  in  soap  solutions  suggested  the  possi- 
bility of  fatty  acids  playing  a  part  in  the  precipitate.  For  ex- 
ample, a  weak  solution  of  soditmi  stearate  or  oleate  freshly  pre- 
pared and  filtered  is  translucent  and  free  from  any  precipitate. 
When  tested  with  litmus  it  is  alkaline  in  reaction.  If  it  is 
allowed  to  stand  for  twenty-four  hours  a  granular  precipitate  in 
the  case  of  the  stearate,  gelatinous  in  the  case  of  oleate,  gradually 
appears. 

If  the  precipitates  are  filtered  off  and  the  filtrates  allowed 
to  stand  for  twenty-four  hours  a  similar  precipitate  reappears. 
This  precipitate  is  insoluble  in  water,  but  dissolves  readily  in 
ether  and  chloroform.  Such  a  chloroform  solution  reacts  acid 
to  litmus  and  contains  fatty  acid.  These  facts  just  outlined  can 
be  easily  explained.  Part  of  the  soap  on  passing  into  solution 
undergoes  dissociation  and  hydrolysis  with  the  production  of 
sodium  hydroxid  (NaOH)  and  free  fatty  acid.  The  mixture, 
therefore  becomes  alkaline  and  the  fatty  acids  gradually  precipi- 
tates.   This  passes  into  solution  in  the  chloroform. 

With  these  changes  in  mind,  the  proteid-soap  compounds  were 
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examined  as  follows:  A  quantity  of  the  precipitate  obtained  on 
the  addition  of  a  sodium  oleate  solution  to  egg  albumen  in  sus- 
pension was  now  shaken  up  with  the  neutral  chloroform  and  found 
to  a  great  extent  to  be  soluble.  Tested  with  litmus,  the  chloro- 
form reacted  acid  to  litmus  and  the  neutral  point  was  only  reached 
after  the  addition  of  a  definite  amount  of  a  deci-normal  solution 
of  sodium  hydroxid.  This  observation,  therefore,  demonstrates 
conclusively  that  the  major  portion  of  the  precipitate  which  Klotz 
considers  to  be  a  proteid-soap  compound  is  composed  of  fatty 
acids. 

Fatty  acids  may  also  be  thrown  out  of  solution  on  the  addition 
of  weak  acids.  If  carbon  dioxid  (COg),  which  in  aqueous  solu- 
tions is  a  weak  acid,  be  passed  through  a  solution  of  soap,  a 
flocculent  precipitate  gradually  separates  out,  which  when  taken 
up  in  chloroform  and  tested,  reacts  acid  to  litmus.  In  the  forma- 
tion of  the  hypothetical  proteid-soap  compound  Klotz  emphasized 
this  increased  precipitation  on  the  addition  of  carbon  dioxid. 
He  further  states  that  the  precipitation  is  increased  by  the  addi- 
tion of  a  solution  of  acid  calcium  phosphate.  This  reaction  is, 
of  course,  due  in  part  to  the  precipitation  of  the  fatty  acids  by 
the  acid  solution  and  also  to  the  formation  of  insoluble  calcium 
soaps  by  the  addition  of  a  soluble  calcium  salt. 

To  summarize  briefly:  The  so-called  proteid-soap  compound 
does  not  exist.  The  material  may  be  due  in  small  part  to  a 
precipitation  of  the  soaps  by  the  inorganic  salts  of  the  serimi  or 
egg  albumen  and  in  small  part  to  globulins  thrown  out  of  solu- 
tion. An  equally  small  part  is  caused  by  a  precipitation  of  the 
soaps  or  fatty  acids  by  the  colloid  substances  in  the  serum  and 
egg  albumen.  The  main  portion  of  the  precipitate,  however, 
consists  of  fatty  acids  obtained  from  a  hydrolysis  taking  place  in 
tl.e  soap  solutions. 

THE     STAINING    OF     FATTY     COMPOUNDS     WITH     SUDAN     III     AND 

SCHARLACH    R. 

Klotz  states  that  the  soaps  are  ready  solvents  for  Sudan  III. 
He  .attempts  to  demonstrate  this  by  making  a  concentrated 
aqueous  solution  of  the  soap  and  adding  powdered  Sudan  III. 
He  states  that  the  clear,  deep,  red  solution  which  results  can  be 
filtered,  diluted  and,  when  evaporated  to  dryness,  yields  pinkish 
yellow  areas  which  are  distinguishable  from  the  golden-red  stain- 
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ing  fat.  He  cites  the  statement  of  Fischler,  who  asserts  that 
Sudan  III  is  soluble  in  soap  solutions,  but  who  further  states, 
however,  that  the  soap  when  stained  with  Sudan  III  rapidly  loses 
its  color  when  treated  with  70  per  cent,  alcohol,  the  color  being 
transferred  to  the  alcohol.  With  this  latter  statement  Klotz 
fails  to  concur  wholly.  He  admits  that  this  is  true  in  regard  to 
soap  solutions  in  the  test  tubes,  but  states  that  soaps  in  the  tissue 
are  less  soluble  in  weak  alcohols.  The  retention  of  the  stain  here, 
he  thinks,  is  due  to  the  combination  of  the  soaps  and  proteids 
already  discussed.  These  observations,  in  view  of  our  experience 
with  the  proteid-soap  compounds,  demand  re-investigation. 

Scharlach  R  and  Sudan  III  are  soluble  in  alcohol,  chloroform, 
ether,  toluol,  acetone,  etc.,  and  in  certain  fats  and  lipoids.  When 
added  to  water  no  color  is  imparted  to  the  fluid  even  at  the  end 
of  several  days.  It  is  generally  accepted  that  the  stains  are  in- 
soluble in  water. 


SOLUBLE  SOAPS. 

If  to  a  fairly  concentrated  solution  of  soditmi  oleate  which  has 
been  freshly  made  and  filtered  a  small  quantity  of  Sudan  III 
is  added,  after  "  thorough  mixing,"  no  color  is  immediately  im- 
parted to  the  fluid.  Gradually,  however,  the  solution  assumes 
a  pinkish  color  which,  after  standing  for  a  while,  becomes  much 
deeper.  At  the  end  of  twenty-four  hours  the  solution  is  colored 
a  deep  red.  If  some  of  this  solution  is  shaken  with  ether  or 
chloroform  the  color  immediately  leaves  the  aqueous  solution  and 
is  transferred  to  the  chloroform  and  ether.  When  tested  with 
litmus  the  solution  reacts  strongly  acid,  and  if  evaporated  to 
dryness,  reddish  yell6w  granules  of  fatty  acid  are  visible  under 
the  microscope. 

The  colorless  condition  of  the  soap  solutions  immediately  after 
the  addition  of  the  Sudan  III  and  the  gradual  reddening  of  the 
mixture  must  be  attributed  to  the  same  reaction  previously  de- 
scribed where  the  soaps  slowly  undergo  hydrolysis  and  the  fatty 
acids  formed  thereby  gradually  assume  the  stain  which  eventually 
colors  the  solution  a  deep  red.  In  other  words  the  deep  orange 
red  color  is  not  due  to  the  soaps  which  have  taken  up  the  stains, 
but  rather  to  the  fatty  acids  formed  by  hydrolysis  and  temporarily 
held  in  solution  by  the  soaps. 
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CALCIUM  SOAPS. 

To  a  quantity  of  the  original  reddened  aqueous  solution  of 
the  soluble  soap  a  quantity  of  absolute  alcohol  was  added  suffi- 
cient to  raise  it  to  a  seventy  per  cent,  alcohol  solution.  When 
this  alcoholic  solution  was  treated  with  a  soluble  calcium  salt,  a 
pinkish  white  precipitate  appeared  at  the  end  of  twenty-four 
hours,  the  supernatant  fluid  remaining  deep  orange  red.  The 
precipitated  substance  was  filtered  off;  when  dried  it  appears 
white  and  very  fluffy  in  consistence.  It  is  insoluble  in  water, 
but  dissolves  in  chloroform  when  a  few  drops  of  a  mineral  acid 
are  added.  The  precipitate  is,  therefore,  calcium  soap  which  does 
not  take  the  stain  with  Sudan  III. 

In  order  to  prove  this  point  more  decisively  attempts  to  stain 
calcium  soaps  were  made  in  another  manner.  Calcium  soaps 
were  prepared  by  the  precipitation  of  the  soluble  soaps — ^sodium 
stearate  and  oleate — with  a  soluble  salt  of  calcium.  The  col- 
lected precipitate  was  thoroughly  washed  with  water  to  remove 
soluble  salts  and  afterward  with  alcohol  to  remove  traces  of 
fatty  acids.  In  the  case  of  the  stearate  a  finely  granular  opaque 
white  salt  was  obtained,  while  with  the  oleate  compound  a  rather 
gelatinous  material  resulted. 

A  relatively  large  quantity  of  the  insoluble  calcium  stearate 
was  suspended  in  an  absolute  alcohol  solution  of  Sudan  III.  As 
has  been  previously  shown,  calcium  soaps  are  rather  insoluble 
in  cold  absolute  alcohol.  The  suspended  material,  now  filtered 
off,  appears  pinkish  white.  Washed  with  absolute  alcohol,  the 
pinkish  color  disappears  and  is  imparted  to  the  wash  alcohol. 
The  insoluble  soap  remains  opaque  white.  The  pinkish  color  of 
the  soaps  treated  with  Sudan  III  is  not  due  to  real  staining,  but 
is  produced  by  a  mere  mechanical  mixture  of  the  dissolved  stain 
and  the  insoluble  compounds.  Attempts  which  were  made  to 
stain  these  soaps  by  methods  outlined  below  were  also  fruitless. 

NEUTRAL  FATS  AND  LIPOIDS. 

It  was  deemed  extremely  important  to  determine  if  Scharlach 
R  and  Sudan  III  could  be  used  as  differential  stains  for  the 
various  fats  and  lipoids.  Several  methods  of  demonstrating  this 
were  tried.  For  example,  the  examination  of  frozen  sections 
of  colloids  (gelatin,  celloidin)  and  of  various  fresh  and  dehy- 
drated animal  tissues  impregnated  with  solutions  of  the  fat  and 
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lipoids  to  be  examined.  These  methods  were  abandoned  in  favor 
of  the  following,  which  seemed  to  be  more  applicable  to  the 
problem : 

To  solutions  of  fat  and  lipoids  Scharlach  R  and  Sudan  III 
respectively  were  added.  The  resultant  clear  solution  was  thrown 
into  water  and  the  fats  precipitated  out  of  their  original  solution. 
This  method  we  considered  relatively  successful  because  of  the 
ease  with  which  the  stained  fat  can  be  separated  from  the  sol- 
vent. While  the  fats  are  fairly  soluble  in  alcohol  and  ether,  they 
dissolve  much  more  readily  in  chloroform,  which  is  also  an  ex- 
cellent solvent  for  Sudan '  III  and  Scharlach  R.  Chloroform 
also  will  not  mix  with  water,  that  is,  it  is  insoluble  in  that  liquid. 

If,  therefore,  a  chloroform-Sudan  III  solution  of  a  fat  is  added  to 
water  the  fat  will  precipitate  out,  so  will  the  chloroform  and 
although  both  may  be  colored  red,  the  fat  rises  to  the  surface  of 
the  fluid  while  the  chloroform  settles  to  the  bottom,  allowing  an 
easy  differentiation.  The  chloroform,  however,  must  be  removed 
by  evaporation  with  heat  before  one  may  say  definitely  that  the 
red  globules  are  the  fatty  compound  and  not  the  chloroform.  In 
this  method  a  portion  of  stain  remains  adherent  to  the  floating 
fat,  while  most  of  the  insoluble  stain  is  suspended  through  the 
fluid.  It  is  necessary,  therefore,  that  this  fat  be  not  filtered, 
but  skimmed  off,  redissolved  in  the  solvent  and  reprecipitated 
several  times  in  order  to  be  certain  that  the  red  color  is  due  to 
the  fat  alone  and  not  to  any  of  the  insoluble  stain  which  may 
have  been  accidentally  caught  in  the  suspension.  This  method, 
although  a  cumbersome  one,  has  been  found  most  excellent  for 
determining  the  staining  power  of  various  fats  and  lipoids.  The 
same  method  may  be  used  when  alcohol  is  employed  as  a  solvent. 

In  his  original  communication  Klotz  expresses  a  preference 
for  Sudan  III,  for  while  he  found  that  Scharlach  R  stained  more 
intensely,  staining  with  Sudan  III  was  more  satisfactory  in  that 
the  precipitation  of  crystals  from  the  saturated  solution  was  more 
easily  obviated.  In  the  method  which  I  adopted  this  difficulty 
was  not  encountered.  Scharlach  R  and  Sudan  III  were  used  inter- 
changeably. No  differences  were  noticeable  in  fats  and  lipoids 
stained  with  either  Scharlach  R  or  Sudan  III  except  differences 
which  would  distinguish  the  original  alcohol  solutions.  Scharlach 
R  stains  fats  more  intensely,  the  red  being  much  deeper  and  more 
pronounced.  Fats  stained  with  Sudan  III  assume  more  of  a 
deep  orange-red  color.     The  staining  of  fats  by  these  dyes  is 
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dependent  on  the  fact  that  these  dyes  are  more  soluble  in  the  fats 
than  in  the  solution  in  which  they  are  originally  dissolved. 

FATTY  ACIDS. 

Pure  oleic,  palmitic  and  stearic  acids  were  employed  in  the 
following  experiments : 

Oleic  Acid. — To  a  definite  quantity  of  oleic  acid  a  small  amount 
of  Sudan  III  in  substance  was  added;  solution  occurred  im- 
mediately and  the  liquid  oleic  acid  was  colored  a  deep  red.  This 
color  was  much  more  intense  than  that  of  the  saturated  seventy 
per  cent,  alcoholic  solution.*  When  the  oleic  acid  was  filtered  into 
distilled  water  it  separated  as  deep  red  opaque  globules.  Re- 
peated solution  and  reprecipitation  failed  to  cause  the  acid  to  lose 
its  deep  red  color. 

Palmitis  Acid. — ^The  acid  was  dissolved  in  absolute  alcohol  and 
Sudan  III  added.  The  solution  was  now  filtered  into  distilled 
water.  The  acid  thrown  out  of  solution  was  not  nearly  so  deeply 
tinted  as  the  oleic  acid  and  appeared  light  red  in  color.  If  the 
fluid  on  which  this  reddish  fatty  acid  material  was  floating  is 
heated  to  about  the  boiling  point  the  fatty  acid  melts  into  globules 
which  take  on  an  intensely  red  color  exactly  similar  to  that  ob- 
tained when  the  stain  was  dissolved  in  the  oleic  acid.  On  cooling 
the  acid  separated  out  as  firm  red  globules.  This  material  col- 
lected and  redissolved  in  absolute  alcohol  was  filtered  again  into 
distilled  water.  The  fatty  acid  which  now  separated  out  appeared 
almost  white,  the  slight  pinkish  color  being  due  to  the  color  of 
the  fluid  in  which  it  was  suspended.  If,  however,  pure  palmitic 
acid  is  heated  to  its  melting  point  and  a  few  particles  of  the  Sudan 
III  are  added  the  acid  dissolves  the  stain  and  the  fluid  takes  on 
the  deep  red  color  which  was  noticed  in  the  case  of  the  oleic 
acid. 

Stearic  Acid. — ^The  same  results  were  obtained  with  this  acid. 

CHOLESTERIN. 

This  substance  obtained  in  pure  form  from  gallstones  was 
treated  by  the  same  method.  The  first  precipitate  appeared  deep 
red,  but  further  solution  and  re-precipitation  removed  all  the 
color  until  the  final  material  was  almost  a  pure  white.  If 
cholesterin  is  raised  to  its  melting  point  and  Sudan  III  in  sub- 
stance is  added  the  fluid  cholesterin  dissolves  the  stain  and  takes 
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on  the  same  deep  red  color  noticed  with  the. oleic  acid  and  fluid 
palmitic  acid.  This  indicates  that  only  when  cholesterin  is  in  a 
fluid  state  will  it  take  the  stain. 


NEUTRAL  FATS. 

Neutral  fats  were  obtained  from  both  mutton  and  beef  suet. 
Treated  in  a  manner  similar  to  the  other  fats,  the  neutral  fluid 
or  semi-fluid  fats  retained  their  deep  red  color  after  repeated 
precipitations. 

LECITHINS. 

Lecithins  were  prepared  from  the  yolks  of  eggs  and  from 
brains  dehydrated  with  dried  calcium  sulphate.  A  quantity  of 
egg  lecithin  dissolved  in  a  chloroform  solution  of  Sudan  III 
was  added  to  water.  The  deeply  red-colored  chloroform  fell  ta 
the  bottom  of  the  vessel.  On  removal  of  the  chloroform  by  heat 
over  a  water  bath,  the  stain  came  out  of  solution  and  suspended 
itself  in  the  fluid;  the  lecithin,  on  the  other  hand,  assumed  a 
swollen  pasty  condition  like  a  stiff  emulsion  which  retained  a 
distinct  salmon-yellow  color.  This  gelatinous  material,  which 
could  be  lifted  out  of  the  solution  on  a  stirring  rod,  was  trans- 
ferred  to  fresh  amount  of  distilled  water,  in  which  it  then  dis-^ 
solved,  coloring  the  aqueous  fluid  a  light  yellow  pink.*  This  in- 
dicates that  lecithin  in  solution  has  the  power  to  stain  feebly. 

In  a  second  experiment  with  lecithin  a  quantity  of  a  chloro^ 
form  solution  obtained  from  dehydrated  brain  was  added  to 
Sudan  III  solution.  The  filtered  solution  was  allowed  to  evapo- 
rate spontaneously  and  the  residue  examined  under  the  micro- 
scope. Everywhere  orange-red  globules  (lecithin)  were  inter- 
spersed among  a  yellowish  granular  material.  Lecithin  stained 
with  Sudan  III,  after  impregnation  in  gelatin,  also  took  a  salmon- 
red  color.  It  is  obvious,  therefore,  that  lecithin  in  substance,, 
like  the  neutral  fats,  will  take  and  retain  the  stain. 

From  these  observations  it  may  be  concluded  that  the  staining 
of  solutions  of  the  soluble  soaps  by  Sudan  III  is  due  to  their 
hydrolysis  into  fatty  acids  in  >vhich  bodies  Sudan  III  and  Schar- 
lach  R  are  soluble  and  which  are,  therefore,  colored  by  them. 

After  repeated  solution  and  re-precipitation  oleic  acid  and 
the  neutral  fluid  fats  stained  by  Sudan  III  retain  their  original 

*Koch:  Zeit,  f.  physiol..  Chem.,  1903,  xxxvii,  181. 
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deep  red  color.  Palmitic  and  stearic  acids  and  cholesterin,  on 
the  other  hand,  become  decolorized  by  this  process  and,  there- 
fore, can  not  be  stained  by  these  bodies.  Lecithin  gives  a  sal- 
mon-red color  when  stained  with  Sudan  III.  This  is  interesting 
because  it  places  lecithin,  so  far  as  staining  reaction  is  concerned, 
between  the  fluid  fats  and  the  soaps  and  solid  fats. 

According  to  Michealis,'  the  staining  of  fats  by  Sudan  III 
is  purely  a  physical  and  not  a  chemical  process,  but  he  admits 
that  the  physical  properties  of  the  body  depend  on  its  chemical 
character.  He  considered  the  union  between  Sudan  III  and 
oleic  acid  a  physical  one  depending  on  the  property  of  the  un- 
saturated fatty  compound  in  becoming  oxidized.  While  this 
may  be  an  explanation  for  the  retention  of  the  stain  by  the  oleic 
acid,  neutral  fats  and  perhaps  lecithins  containing  oleic  acid 
radicals  and  the  non-retention  by  the  palmitic  and  stearic  acids, 
the  fact  that  other  crystalline  lipoids  like  cholesterin  act  simi- 
larly to  the  crystalline  fatty  acids  suggest  that  the  question  as  to 
the  staining  of  the  substance  depends  on  its  physical  condition 
entirely. 

This  is  particularly  emphasized  in  the  experiments  with  pal- 
mitic and  stearic  acid  and  cholesterin,  where  it  was  shown  that 
when  these  substances  were  transformed  by  heat  to  their  fluid 
condition  they  dissolved  the  stain  immediately.  On  return  to 
their  solid  state,  however,  they  refused  to  retain  the  dye.  Again 
those  fatty  compounds  which  at  room  temperature  are  fluids 
or  semi-fluids  are  those  which  hold  the  stain  even  after  repeated 
solution  and  reprecipitation. 

This  explains  the  cause  of  the  discrepancies  in  the  statements 
of  various  authors*  as  to  the  staining  of  fatty  acids  with  Sudan 
III  or  Scharlach  R. 

It  is  believed  that  the  results  obtained  warrant  the  statement 
that  only  those  compounds  of  a  fatty  nature  take  these  stains 
when  they  possess  the  physical  characteristics  of  a  fluid  or  semi- 
fluid at  room  temperature;  other  substances  which  allow  of 
liquefaction  by  increase  of  temperature  also  react  to  the  dye 
when  in  their  fluid  state.    Such  substances  are  butyric  acid,  oleic 


•  Uebcr    Fett    FarbstoflFc.    Archiv.    f.    Path,    und   Physiol.,    1901,    clxiv,    263. 

*  Daddi  (L.):  Nouvcllc  m^thode  pour  colorcr  la  ^raisse  dans  les  tissue  Arch.  Ital. 
de  Biol.,  1896,  xxvi,  142:  Rieder  (H.):  Ucber  die  Vcrwendbarkeit  dcs  FarbstoAei 
Sudan  III  in  dcr  klinischen  Mikroskopie,  Dfutsch.  Arch.  f.  klin.  Med.,  1897,  Ux, 
444;  Handwerck  (C):  Beitrajfe  zur  Kenntniss  vom  Vcrhalten  dcr  Fettkorper  ru 
Osmiumsaure  und  zu  Sudan,  Zcitschr.  d.   Wissensch.  Mikroskopie,  1898,  xv.   177. 
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acid,  triolein,  tributyrin  and  lecithin.  Palmatic  and  stearic  acids 
and  their  neutral  glycerids  and  cholesterin  come  into  this  group 
when  the  temperature  is  above  their  melting  point. 

The  results  show  that  neither  calcium  nor  sodium  soaps,  pal- 
mitic nor  stearic  acids  will  at  room  temperature  take  the  stain 
with  Sudan  III  or  Scharlach  R,  hence  the  material  staining  by 
these  substances  which  Klotz  described  as  occurring  at  certain 
stages  in  calcareous  degeneration  can  not  be  any  of  these  com- 
pounds. In  all  probability  it  is  a  mixture  of  oleic  acid,  triolein 
and  lecithin.  This  agrees  with  the  findings  which  I  have  reported 
as  a  result  of  the  chemical  analysis  of  aortas  in  various  stages 
of  calcification. 

GENERAL   CONCLUSIONS. 

1.  The  so-called  proteid-soap  compound  of  Klotz  is  not  a  true 
chemical  combination,  but  a  mixture  made  up  mainly  of  fatty 
acids  with  small  amounts  of  calcium  soaps  and  globulin. 

2.  Sudan  III  and  Scharlach  R  stain  substances  of  fatty  nature 
only  when  they  are  in  fluid  or  semi-fluid.  As  oleic  and  butyric 
acid,  triolein,  tributyrin  and  lecithin  are  in  this  state  at  room 
temperature,  they  form  a  group  to  which  must  be  limited  the 
application  of  micro-chemical  methods. 


A  CONTRIBUTION  TO  THE  PATHOGENY  OF  SPAS- 
TIC RIGIDITY  OF  CHILDHOOD. 

By  LA  SALLE  ARCHAMBAULT,  M.D., 
Lecturer   on    Neurology, 

AND 

LEON  K.  BALDAUF,  M.D., 
Formerly  Instructor  in  Pathology  and  Bacteriology,  Albany  Medical  College. 

Plates  I  and  II. 

It  is  not  our  purpose  to  enter  into  the  discussion  of  the 
pathogenesis  of  all  forms  of  rigidity  occurring  in  infancy 
and  childhood;  the  task  would  far  exceed  our  resources  and 
the  question  is  too  complex  to  be  considered  with  any  degree 
of  fairness  in  this  brief  communication.  The  main  object 
we  have  in  mind  is,  to  call  further  attention  to  the  in- 
adequacy  of   our   actual    knowledge   of   infantile    rigidity   and 
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to  the  inexactness  of  our  classification  of  the  various  spas- 
modic affections  met  with  in  infancy  and  early  childhood. 
It  is  more  particularly  the  anatomic  facts  underlying  the 
close  analogy  which  tetany  bears,  clinically,  to  the  various 
forms  of  birth  palsies  that  we  desire  to  investigate.  That 
this  analogy  is  very  great,  there  can  be  no  doubt,  if  one  is 
to  judge  by  the  frequency  with  which  cases  of  so-called 
tetany  have  proved  to  be  nothing  less  than  some  form  of 
cerebral  palsy  of  childhood  and  under  which  head  we  include, 
for  the  sake  of  convenience,  Little's  disease,  spastic  diplegia, 
chronic  internal  hydrocephalus,  serous  meningitis,  etc,  t.  e,; 
all  forms  of  cerebral  lesion  encountered  in  infants  and  young 
children  and  which  have  as  main  clinical  manifestation — 
spastic  rigidity  of  the  extremities. 

In  other  words,  what  is  the  anatomic  substratum  of  the 
clinical  symptom:  spastic  rigidity?  is  this  the  main  or  only 
external  expression  of  any  diseased  state,  or  merely  symp- 
tomatic of  an  otherwise  clearly-appreciable  pathologic  entity? 

But,  in  the  first  place,  what  is  understood  by  tetany?  "An 
affection  characterized  by  peculiar  bilateral  tonic  spasms  of 
the  extremities,  either  paroxysmal  or  continued "  (Osier). 
The  well  known  fact  that  the  disease  occurs  under  very  dif- 
ferent conditions  and  with  all  degrees  in  the  completeness 
and  severity  of  its  symptomatic  picture,  would  easily  induce 
one  to  regard  tetany  more  as  a  symptom-complex  than  as  a 
distinct  clinical  entity;  which  view  moreover  would  be  more 
in  harmony  with  what  we  actually  know  of  its  pathological 
anatomy,  as  we  shall  see  later.  It  may  well  be  however 
that  tetany  does  possess  a  perfect  autonomy;  a  supposition 
which  would  be  all  the  more  acceptable  if  the  term  tetany 
were  applied  only  to  the  complete  forms  described  by  Escherich. 

But  then  true  tetany  is  an  extremely  rare  disease,  at  least 
in  this  country.  It  is  more  common  to  see  incomplete  types 
of  the  affection,  cases  in  which  a  few  of  the  symptoms  only 
are  present,  and  not  infrequently,  some  in  which  one  of  the 
so-called  characteristic  manifestations  of  tetany  constitutes 
the  entire  clinical  picture.  The  actual  tendency  however  is 
not  to  regard  such  conditions  (isolated  carpo-pedal  spasm  for 
example)  as  instances  of  true  tetany,  but  rather  as  symptoms 
of  some  other  disease.  It  was,  of  course,  only  to  the  ill- 
constituted  or  atypical  forms  that  we  referred,  when  speak- 
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ing  of  the  difficulties  which  the  differential  diagnosis  be- 
tween cerebral  pals/  and  tetany  may  present. 

Aside  from  the  multiplicity  of  its  etiologic  factors  and  the 
rarity  with  which  it  assumes  the  classic  type,  tetany  still 
presents  another  peculiarity  which  would  tend  to  minimize 
its  chances  of  obtaining  recognition  as  a  distinct  entity,  and 
that  is  its  occurrence,  either  fully  or  partially  constituted, 
in  conjunction  with  or  as  a  complication  of  a  number  of 
other  nervous  diseases:  Basedow's  disease,  cerebral  and  cere- 
bellar tumor,  syringomyelia,  hysteria,  epilepsy,  etc. 

Finally,  other  rare  types  of  spasmodic  affections  in  children 
have  been  recently  described,  which  are  closely  analogous 
to  tetany,  such  as  the  Myotone  spastique  persistante  de  Hosch- 
singefj  or  Pseudo-tetanus  of  Escherich,  the  underlying  anatomic 
lesion  of  which  is  the  mfningite  cirSbrospinale  siche. 

Neither  of  the  cases  about  to  be  reported  was  definitely 
regarded  as  being  tetany,  but  such  was  the  diagnosis  origin- 
ally proposed  in  both;  later,  one  case  (cerebral  sclerosis)  was 
regarded  as  an  instance  of  cerebral  diplegia  and  the  other 
(chronic  internal  hydrocephalus)  considered  to  be  cerebral 
tumor.  In  their  clinical  manifestations  the  two  cases  re- 
sembled each  other  very  closely.  Before  giving  a  detailed 
description  of  th^  interesting  histologic  changes  observed 
in  the  central  nervous  organs  of  these  cases,  it  would  ))e 
well  to  briefly  consider,  in  the  first  place,  the  actual  status 
of  our  knowledge  concerning  the  pathologic  anatomy  of 
tetany. 

The  many  observers  who  have  seriously  studied  this  ques- 
tion have  not  all  reached  the  same  conclusions,  but  they 
may  be  conveniently  divided  into  two  main  groups: 

(a)  To  the  first  group  belong  those  (Schultze,  Berger, 
Weigert,  Loos,  etc.)  who,  despite  most  scrupulous  technique 
and  careful  microscopic  study,  have  failed  to  find  any  ap- 
preciable changes  in  the  central  nervous  system,  and  for 
whom,  therefore,  the  pathologic  anatomy  of  tetany  remains 
entirely  negative. 

(b)  Forming  the  second  group,  are  a  number  of  authors 
whose  results  have  been  positive,  but  to  what  limited  extent 
these  results  are  concordant,  will  presently  be  seen. 

As  regards  first,  macroscopic  changes,  it  must  be  said  that 
in  those  cases  in  which  gross  anatomic  lesions  did  exist,  they 
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were  either  associated  with  some  aflfection  which  tetany 
simply  complicated,  or  else,  were  so  combined  or  distributed 
as  to  render  it  impossible  to  isolate  those  underlying  the 
manifestations  of  tetany. 

Schultze  found  a  patch  of  sclerosis  in  the  upper  cervical 
region  and  Traina  pseudo-syringomyelic  cavities  in  the  cervical 
cord. 

Koster  described  blood  coagula  upon  the  cauda  equina,  the 
cervical  nerve-roots  and  along  the  course  of  the  sciatic  nerve. 

Several  observers  have  found,  in  cases  of  tetany,  a  slight  serous 
infiltration  of  the  membranes  of  the  brain  and  spinal  cord 
and  even  of  the  parenchyma  of  these  organs,  or,  in  other 
instances,  a  slight  hyperemia  of  the  same;  all  of  which 
changes,  however,  practically  remain  within  the  limits  of 
physiological  reaction. 

When  it  comes  to  the  question  of  the  histological  changes 
observed  in  tetany,  however,  we  are  much  better  informed, 
as  we  possess  more  abundant  data  from  which  more  definite 
notions  can  be  derived.  There  have  been  numerous  contribu- 
tions to  this  particular  chapter  of  pathology  within  the  last 
decade,  but  we  can  only  briefly  analyse  a  few  of  the  more  im- 
portant ones. 

Langhans  noted  periarteritis  and  periphlebitis  about  the 
white  commissure  and  anterior  horns  of  the  cervical  enlarge- 
ment of  the  spinal  cord. 

Pick,  in  the  case  of  a  young  epileptic  who  developed  typical 
tetany,  found  calcification  of  the  smaller  blood-vessels  and 
fine  arterioles  especially  of  the  centrum  ovale  and  cerebellum. 
He  is  of  the  opinion  that  the  narrowing  and  partial  oblitera- 
tion of  the  lumen  of  numerous  blood  vessels  leads  to  the 
development  of  symptomatic  tetany.  A  similar  postmortem 
finding  was  observed  in  a  woman  who  developed  tetany  sec- 
ondarily to  an  operation  for  cataract. 

Weiss  examined  the  spinal  cord  of  a  child  who  had  pre- 
sented marked  symptoms  of  tetany  during  three  months  fol- 
lowing removal  of  the  thyroid  body.  He  found  decided 
changes  in  the  gray  matter  of  the  cervical  cord.  The 
ganglion-cells  in  great  numbers  were  swollen  and  their  nuclei 
displaced  towards  the  periphery  and  often  distinctly  flattened. 
Vacuoles  in  both  cell  and  cell-process  were  commonly  observed. 
A  number  of  cells  were  atrophied  and  their  axones  retracted 
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within  the  cell-body.  Aside  from  these  changes  which  were 
especially  prominent  in  the  lateral  group  of  the  seventh  and 
eight  cervical  segments,  Weiss  also  found  distinct  spindle- 
shaped  expansions  of  the  axis-cylinder  processes  situated  both 
in  the  anterior  nerve-roots  and  in  the  central  gray  matter. 

Changes  similar  to  those  described  by  Weiss  have  been 
observed  by  Bonome  and  Cervesato,  Kirchgaesser  and  Katz 
in  ordinary  cases  of  tetany  in  children. 

Bonome  and  Cervesato  found  in  two  cases  of  moderate 
intestinal  disturbance,  in  which  typical  tetany  developed  only 
during  the  few  days  preceding  death,  very  distinct  changes 
in  the  gray  matter  of  the  cord.  There  was  an  appreciable 
atrophy  of  many  ganglion-cells  especially  those  of  the  mesial 
group ;  likewise  atrophy  with  occasional  varicose  swelling  of  the 
nerve-fibres  situated  in  the  gray  matter.  In  addition  to  these 
changes,  there  was  noted  a  distinct  proliferation  of  the  neuro- 
glia, which  newly-formed  tissue  was  often  the  seat  of  oedema 
and  softening  and  consequent  disintegration  and  cavity- 
formation;  more  especially  were  these  irregular  spaces  ob- 
served in  the  gray  matter.  The  authors  regard  the  whole 
process  as  one  closely  analogous  to  poliomyelitis.  The  absence 
of  paralysis  in  these  cases,  they  attribute  to  the  integrity  of 
the  lateral  cell-groups  of  the  anterior  horns. 

Katz  noted  in  the  case  of  a  child,  who,  at  the  time  of  death, 
presented  typical  manifestations  of  tetany:  cloudy  swelling 
of  the  ganglion-cells  of  the  anterior  horns.  The  cells  were 
granular  in  appearance  and  their  nuclei  indistinct.  Further- 
more, there  existed  the  most  extreme  engorgement  of  the 
blood  vessels  about  the  cervical  enlargement. 

Kirchgaesser  studied,  with  the  aid  of  Marchi's  method,  the 
changes  in  the  spinal  cord  in  two  cases  of  tetany  in  children 
and  observed  well-marked  changes  in  the  intramedullary  seg- 
ment of  the  anterior  and  posterior  spinal  nerve-roots,  more 
particularly  of  the  cervical  and  lumbar  enlargements.  In  the 
anterior  nerve-roots,  the  changes  involved  the  entire  axone 
from  its  origin  in  the  multipolar  nerve-cell.  Similar  altera- 
tions existed  in  the  radicular  filaments  of  the  accessorius  and 
hypoglossus,  and  even  in  the  fasciculi  solitarii  and  in  the  an- 
terior commissure  of  the  cord.  The  smaller  blood  vessels 
and  capillaries  were  uncommonly  distended  but  without  ap- 
preciable changes  in  their  walls.     Absolutely  similar  changes 
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were  observed  by  Kirchgaesser  in  a  case  of  (a)  laryngospasm 
with  facial  phenomenon  and  in  a  case  of  (b)  persistent  spasm 
of  the  entire  musculature  without  the  characteristic  attitude 
of  the  hands  or  other  of  the  latent  symptoms  of  the  disease. 

Ferranini  and  Rossolimo  report  the  findings  in  cases  of 
tetany  associated  with  gastric  dilatation.  In  one  of  the  cases, 
a  patient  of  twenty-three  yes^rs  of  age,  gastric  disturbances 
had  existed  for  over  twelve  years.  The  manifestations  of 
tetany  appeared  thirty-three  hours  antemortem,  and  rapidly  in- 
volved, with  growing  severity,  the  whole  musculature  of  the 
body.  At  the  autopsy,  a  distinct  venous  hyperemia  of  the 
pia  as  well  as  of  the  actual  nervous  parenchyma  was  macro- 
scopically  appreciable  in  both  brain  and  spinal  cord.  Micro- 
scopically, well-marked  changes  were  found  more  particularly 
in  the  medulla  and  in  the  cervical  cord.  Numerous  nerve- 
cells  were  altered  in  various  ways;  frequently  they  were 
swollen  and  their  pericellular  spaces  extensively  dilated. 
These  changes  were  especially  prominent  in  the  domain'  of 
the  vesicular  column  of  Clarke.  Thickening  of  the  cell- 
membrane  and  various  stages  of  chromatolysis  were  com- 
monly observed.  Vacuolation  of  the  cell-body  was  likewise 
fairly  common.  The  nucleus  itself  was  almost  invariably 
deformed,  decidedly  enlarged,  flattened  against  the  periphery 
of  the  cell-body  and  now  and  then  almost  extruded  from  it. 
The  cell-processes  were  proportionately  thinned  and  often 
sharply  bent  upon  themselves,  or  else  presented  varicose  en- 
largements. No  appreciable  alterations  were  to  be  seen  in  the 
nerve-fibres. 

Rossolimo  refers  to  the  changes  observed  in  a  subject,  forty- 
tiiree  years  of  age,  who  had  suffered  from  gastric  disorders 
during  the  last  fifteen  years  of  life  and  in  whom  the  most 
typical  syndrome  of  tetany  developed  a  few  days  antemortem. 
Aside  from  slight  changes  in  the  muscles,  histologic  examina- 
tion revealed  the  presence  of  spindle-shaped  swellings  in  the 
course  of  the  axis-cylinder  processes  both  in  the  anterior 
nerve-roots  and  in  the  peripheral  nerves.  There  was  also 
to  be  seen  a  varying  degree  of  chromatolysis  about  the  gang- 
lion cells  of  the  spinal  cord  in  the  vicinity  of  which  the  blood 
vessels  were  more  often  found  markedly  congested.  The 
majority  of  nerve-cells  however  were  relatively  intact. 

Peters  in  his  recent  monograph  on  the  pathogenesis  of  the 
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classic  manifestations  of  tetany,  gives  a  very  exhaustive  de- 
scription of  the  lesions  observed  in  three  cases,  and  comes  to 
the  following  conclusions  : 

1.  Tetany  is  not  a  functional  but  an  organic  disease. 

2.  Its  anatomic  substratum  is  essentially  constituted  by  an 
inflammation  of  the  extra-dural  connective  tissue,  which,  ex- 
tending into  the  intervertebral  foramina,  involves  the  dorsal 
nerve-roots  together  with  their  attached  ganglia,  leading  thus 
to  the  development  of  (a)  a  neuritis  interstitialis,  (b)  a  gang- 
liitis. 

3.  The  primary  pachymeningitis  externa  is  characterized 
by  the  presence  of:  round-cell  infiltrations,  disseminated 
patches  of  epidural  fibrinous  or  gelatinous  exudate,  hemor- 
rhages along  blood  vessels  whose  walls  are  diseased.  The 
hemorrhages  are  found  more  particularly  in  the  intervertebral 
patches.  The  pachymeningitic  alterations,  although  present 
in  different  places,  are  most  marked  and  constant  about  the 
nerve-roots  of  the  seventh  and  eighth  cervical,  the  lower  lum- 
bar and  upper  sacral  segments. 

4.  The  neuritis  interstitialis  involves  the  motor  as  well  as 
the  sensory  nerve-roots  but  is  absolutely  limited  to  their 
extra-dural  segment.  The  peripheral  nerves  are  free.  Both 
the  intra-dural  and  intra-medullary  portions  of  the  nerve-root 
are  likewise  usually  intact;  only  occasionally  do  they  present 
evidence  of  secondary  degeneration. 

5.  The  gangliitis  manifests  itself  by  (a)  proliferation  of 
the  intracapsular  endothelium  with  marginal  vacuolization, 
(b)  round-cell  and  leucocytic  infiltration  of  the  stroma  be- 
tween the  nerve-cells  which  are  thereby  compressed,  (c) 
degenerative  changes  of  the  cell-protoplasm  (disintegration, 
karyolysis,  etc.). 

The  author  remarks  that  endothelial  proliferation  and  pro- 
toplasmic cellular  alterations  are  not  peculiar  to  tetany,  occur- 
ring in  other  affections  which  are  characterized  by  the  pres- 
ence of  contractures.  But,  the  mode  of  development  of  these 
processes,  especially  the  interstitial  infiltration,  does  consti- 
tute a  feature  peculiar  to  tetany.  The  pachymeningitis  ex- 
terna is  likewise  characteristic  pf  this  disease.  It  was 
observed  in  all  the  cases,  and  furthermore,  it  involved  only 
those  nerve-roots  whose  area  of  peripheral  distribution  cor- 
responded to  the  seat  of  clinical  manifestations  (spasms,  con- 
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tractures,  etc.)  and  respected  those  corresponding  to  the  periph- 
eral regions  which  had  remained  free  during  life. 

6.  The  more  intense  the  pachymeningitis,  the  more  severe 
the  muscular  contractures  and  the  shorter  the  intervals  be- 
tween them;  so  that  in  very  pronounced  cases,  the  lesions  may 
determine  permanent  tetanic  manifestations  in  the  affected 
limbs. 

In  three  of  the  author's  cases,  certain  peculiarities  have 
seemed  of  particular  interest  to  us  for  purposes  of  later  com- 
parison and  we  therefore  make  note  of  them  in  this  con- 
nection. 

In  Case  IV  the  author  found :  slight  sclerosis  of  the  brain, 
marked  dilatation  of  the  ventricles  especially  the  fourth. 
Histologically:  cellular  agglomerations  consisting  for  the 
most  part  of  multinuclear  leucocytes,  were  to  be  seen  between 
normal  cells  and  fibres  and  infiltrating  both  the  gray  and  the 
white  matter  in  the  cord  as  well  as  in  the  brain.  The  author 
designates  this  process  by  the  term  Encephalitis  interstitialis 
(luetica?). 

In  Case  V  chronic  hydrocephalus  of  marked  degree.  A 
cross-section  through  the  lower  medulla  showed  distended 
capillaries  and  hemorrhages  between  the  ganglion-cells  of 
the  subventricular  nuclear  collections.  Accvmiulations  of 
leucocytes  in  the  perivascular  spaces.  These  lesions  were 
very  marked  and  suggestive  of  encephalitis  interstitialis. 

In  Case  VII,  marked  congestion  and  slight  oedema  of  brain, 
small  punctiform  extravasations  in  the  course  of  the  arteria 
spinalis  anterior.  In  the  posterior  horns  and  in  the  intra- 
medullary course  of  the  posterior  nerve-roots,  degenerated 
areas  were  to  be  seen.  Small  round-cell  and  leucocytic  in- 
filtrations were  found  between  the  individual  fibres  of  the 
motor  nerve-roots. 

Thus  far,  then,  the  histologic  changes  observed  in  the 
central  nervous  system  by  different  authors  may  be  summar- 
ized as  follows: 

Lesions  which,  in  the  first  place,  are  essentially  confined  to  the 
spinal  cord  and  which  involve  more  particularly  the  cervical 
and  lumbar  enlargements. 

Lesions  which  vary  in  intensity  all  the  way  from  simple 
engorgement  of  the  blood  vessels  of  the  pia  and  central  gray 
matter  of  the  spinal  cord  (occasionally  extending  to  the  ad- 
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joining  portion  of  the  medulla  oblongata),  to  well-marked 
alterations  of  the  ganglionic  nerve-cells  in  the  gray  matter  and 
more  particularly  of  those  of  the  motor  groups;  and  changes 
in  the  nerve-fibres,  likewise  most  pronounced  in  those  fibres 
coursing  through  the  central  gray  matter  and  in  the  intra 
and  extramedullary  segments  of  the  spinal,  nerve-roots. 

The  ganglionic  nerve-cells  exhibited  a  most  variable  degree 
of  chromatolysis,  which,  in  certain  instances,  had  gone  so  far 
as  to  lead  to  total  disappearance  of  the  cell.  The  nerve- 
fibres  showed  swelling  of  their  axis-cylinders  and  loss,  in 
greater  or  lesser  amounts,  of  their  myelin  substance. 

In  addition  to  the  changes  included  in  the  above  synopsis 
and  which  practically  embodies  the  joint-results  of  the  g^eat 
majority  of  observers  who  have  written  on  this  subject,  there 
still  remains  to  mention  the  lesions  described  by  Peters  (».  s, 
pachymeningitis,  neuritis  and  gangliitis)  who,  as  we  have  just 
seen,  holds  entirely  different  views  from  the  rest  as  regards 
the  pathogeny  of  tetanic  manifestations;  since  he  places  the 
causative  lesions  outside  of  the  dura  and  maintains  that  the 
central  nervous  organs  themselves  and  the  leptomeninges  are 
entirely  free. 

All  these  facts,  acquired  in  recent  years  and  under  all  the 
favorable  circumstances  which  our  modern  methods  of  techni- 
que and  investigation  ensure,  deserve,  certainly,  to  be  care- 
fully recorded,  but  nevertheless,  they  must  be  weighed  even 
more  carefully,  accepted  with  caution  and  even  with  certain 
restrictions.  In  the  first  place,  it  must  be  stated,  that,  as  far 
as  alterations  in  the  nerve-roots  are  concerned,  Zappert  ob- 
served destruction  of  nerve-fibres  within  the  spinal  nerve- 
roots  in  most  children  dying  during  the  first  year,  although 
there  had  been  clinically  no  symptoms  whatever  of  nervous 
disorder. 

It  will  be  remembered  also,  that  in  a  certain  number  of 
these  cases,  the  manifestations  of  tetany  were  either  asso- 
ciated with  other  conditions  (epilepsy  in  one  case  reported  by 
Pick),  followed  extirpation  of  the  thyroid  (probably  of  the 
para-thyroid  as  well)  body,  or  else,  developed  antemortem,  or 
very  late,  at  least,  in  the  course  of  some  chronic  affection  of 
many  years*  standing  and  one  which  had  seriously  compromised 
the  general  nutritional  integrity  of  the  individual. 

It  would  seem  logical,  in  this  connection,  to  admit  that  the 
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lesions  observed  in  the  central  nervous  organs  in  the  last 
category  of  cases  (».  e,  in  cases  of  tetany  following  thyroid 
extirpation  or  prolonged  disorders  of  nutrition),  might  be 
compared  to  those  found  in  the  spinal  cord  in  a  good  number 
of  cases  of  hxmic  diseases,  as  in  pernicious  anemia,  for  in- 
stance. In  other  words,  they  might  be  regarded  as  the  ex- 
pression of  nutritional  disturbances,  resulting,  either  from  the 
loss  or  absence  of  some  important  and  yet  unknown  element 
concerned  in  the  neutralization  of  certain  toxic  principles 
elaborated  in  the  course  of  metabolism  (as  in  the  case  of 
parathyroidectomy),  or  from  an  insufficient  elaboration  or  pro- 
duction of  active  cells,  an  adequate  supply  of  which  is  the 
indispensable  prerequisite  to  the  maintenance  of  nutritional 
equilibrium  (a  deficiency  realized  in  case  of  disease  of  the 
haemapoietic  organs). 

In  tetany,  it  is  true,  the  lesions  are  to  be  found  more  i>ar- 
ticularly  in  the  central  gray  matter,  it  is  the  ganglionic  nerve- 
cell  of  the  anterior  horn  which  suflFers  most  or  bears  the  brunt 
of  the  invasion;  whereas  in  pernicious  anemia  and  kindred 
affections,  it  is  a  sclerosis  of  the  white  columns  which  is  most 
commonly  observed.  But  there  is  here,  merely  the  question 
of  selective  action  of  underlying  toxic  principles  and  we  are 
of  the  opinion,  that  the  prime  factor  in  producing  both  cate- 
gories of  changes,  is  unquestionably  constituted  by  some  toxic 
agent  freely  circulating  in  the  system. 

It  must  be  said,  moreover,  that,  cellular  changes  absolutely 
analogous  to  those  described  in  connection  with  tetany,  have 
been  observed  in  different  pathologic  conditions  which  affect, 
similarly  to  pernicious  anemia,  the  general  nutrition,  and  with- 
out having  given  rise  to  any  of  the  clinical  manifestations  char- 
acteristic of  tetany ;  in  such  conditions  for  instance  as  Addison's 
disease,  operative  myxoedema,  lesions  of  the  pancreas,  as  well 
as  in  the  various  forms  of  auto-intoxication :  uraemia,  acute  yel- 
low atrophy,  intestinal  auto-intoxication,  etc.  Uraemia  is  men- 
tioned by  Oder,  as  one  of  the  conditions  with  which  tetany  may 
be  associated,  and  it  is  a  question,  in  our  mind,  if  those  cases 
of  tetany  which  develop  in  the  course  of  gestation  are  not  of  the 
same  origin. 

Then  again,  aside  from  these  vitiated  nutritional  states,  in  which 
the  cellular  changes  are  attributed  to  the  noxious  influence  of 
some  toxic  principle  elaborated  within  the  system,  there  is  still 


Digitized  by  VjOOQ IC 


LA  SALLE  ARCHAMBAULT   AND  LEON    K.   BALDAUF  9I 

a  series  of  poisons  belonging  to  different  classes,  which 
are  capable  of  inducing  similar  changes  within  the  central  gray 
matter  of  the  spinal  cord. 

(i)  Toxins  derived  from  suppurative  or  necrotic  processes. 
Blood  and  cardiac  poisons. 

This  class  produces  the  cellular  changes  known  as  tigrolysis, 
and  also  swelling  of  the  cell-body  and  varicosities  in  the  course  of 
the  cell-processes. 

(2)  Among  mineral  poisons,  the  most  prone  to  determine 
cellular  alterations  are:  arsenic,  phosphorus,  potassium  chlorate, 
antimony,  chlorhydric  acid.  It  is  to  be  noted  that  phosphorus 
is  mentioned  by  Oppenheim,  as  the  mineral  poison  the  most  fre- 
quently concerned  in  the  production  of  tetany. 

(3)  Of  the  organic  poisons,  alcohol  is  by  far  the  most  im- 
portant. The  cellular  changes  occurring  in  chronic  alcoholism 
and  delirum  tremens  have  been  abundantly  described.  The 
alkaloids,  more  particularly  strychnine,  morphine  and  cocaine 
are  susceptible  of  inducing  analogous  changes.    / 

It  may  be  mentioned  that  alcohol  and  morphia  are  recognized 
etiologic  factors  in  the  determination  of  tetany  (Osier). 

(4)  Toxins  associated  with  the  various  infectious  processes: 
Diphtheria,  tetanus^  cholera,  etc. 

In  children  the  influence  of  the  acute  infectious  diseases  in 
determining  tetany  is  well-recognized,  and  cholera  is  mentioned 
by  numerous  authors  as  one  of  the  infections  most  commonly 
associated  with  tetany. 

As  will  be  readily  seen,  the  foregoing  tabulation  of  the  various 
agents  of  a  toxic  nature  (whether  bacterial,  mineral,  organic  or 
derived  from  the  products  of  defective  metabolism)  capable  of 
inducing  cellular  alterations  in  the  spinal  cord,  practically  in- 
cludes all  the  factors  actually  recognized  as  possible  causes  of 
tetany.  Reasoning  from  this  fact,  it  would  seem  logical  to 
maintain  that  the  cell-changes  described  in  connection  with 
tetany  by  different  authors,  and  which  we  have  in  the  main  in- 
corporated in  the  beginning  of  this  article,  cannot  be  regarded  as 
constituting,  properly  speaking,  the  anatomic  substratum  of 
tetany.  It  would  be  more  accurate,  perhaps,  to  consider  them 
simply  as  the  expression  of  the  reaction  determined  in  the 
nervous  parenchyma  by  a  sufficient  grade  of  toxemia,  whatever 
its  origin  or  character. 
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The  importance  of  this  latter  consideration  will  become  more 
apparent,  when,  after  despribing  the  findings  in  our  actual  obser- 
vations, we  come  to  the  discussion  of  the  pathogeny  of  the  symp- 
toms to  which  they  gave  rise. 

Neither  of  the  cases  which  form  the  ground-work  of  this  con- 
tribution have  we  had  the  occasion  of  studying  clinically;  we 
can,  therefore,  only  transcribe  the  main  points  in  the  clinical 
histories  as  they  appear  in  the  hospital  records.  But  being 
reliably  informed  concerning  the  difficulties  which  diagnosis 
offered  in  both  these  cases,  and  the  examination  of  the  central 
nervous  organs  having  moreover  been  entrusted  to  us,  the  find- 
ings appeared  sufficiently  interesting  to  merit  publication. 

Case  I.    B.  S.,  age  one  year.    Female. 

Clinical  History. 

Family  History, — Mother  apparently  epileptic,  gives  history  of  faint- 
ing spells  with  loss  of  consciousness.  During  a  period  of  three 
days  and  coming  on,  on  the  sixth  day  after  the  birth  of  her  child, 
the  mother  had  convulsions  during  vvrhich  she  bit  her  tongue.  Since 
birth,  which  was  protracted  but  not  instrumental,  the  child  presented 
the  following  condition:  Hands  contracted  and  head  drawn  back. 
The  child  had  always  acted  queerly  not  noticing  anything  about  her 
and  apparently  not  knowing  her  mother.  Began  to  have  convulsions 
at  three  months,  numbering  from  ten  to  twelve  in  twenty- four  hours; 
they  became  much  more  severe  during  the  last  weeks  of  life.  At 
the  same  time,  it  was  noticed  that  one  foot  was  turned  in.  The 
convulsions  were  characterized  as  follows:  The  limbs  of  the  left 
side  were  drawn  up,  i.  e.,  flexed  and  twitched  slightly,  whereas  the 
right  arm  and  leg  would  become  extended  and  stiff. 

At  other  times,  i.  e.,  in  the  intervals  between  these  convulsive 
attacks,  the  child  would  lie  with  the  arms  flexed  at  elbow  and  with 
both  fists  clenched,  the  thumb  being  slightly  held  in  palm  of  hand 
by  the  other  fingers  flexed  strongly  upon  it.  The  legs  would  be  fully 
extended  with  slight  adduction  of  left  leg  and  foot,  and  the  toes 
changing  position  almost  constantly,  but  those  of  left  foot  generally 
held  in  a  state  of  plantar  flexion.  Head  drawn  slightly  backward  and 
face  turned  sharply  to  the  left;  neck  moderately  stiffened;  eyes  rolling 
about  from  side  to  side  and  often  upwards  as  well;  pupils  equal  and 
contracted;  child  apparently  blind.  Anterior  fontanelle  open,  pos- 
terior not  completely  closed.  Slight  motion  still  present  at  lamb- 
doid  suture.  Palate  rather  high.  On  the  under  surface  of  anterior 
part  of  tongue  and  extending  also  over  floor  of  mouth  is  a  shallow 
ulcer  about  one  centimeter  in  diameter.  On  lower  lip  of  child  con- 
siderable fine  pigmented  hair — on  chin   fine  downy  colorless  hair. 

Abdomen  distended,  soft,  edge  of  liver  felt  about  one  centimeter 
below  costal  margin. 
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Later  Notes. — ^Arm  and  legs  held  stiffly,  passive  motion  most  dif- 
ficult especially  at  elbows  and  knees;  resistance  slightly  greater  on 
right  side.  Left  arm  and  leg  on  measurement  are  slightly  smaller 
than  right.     Impossible  to  straighten  fingers  and  toes. 

Spasm  of  muscle  less  than  on  entrance.  Child  apparently  blind. 
No  Babinski  reflex  on  either  side.    Head  S3rmmetrical. 

Notes  at  time  of  autopsy,  October  17,  1905,  taken  from  official 
records  of  the  Bender  Laboratory,  read  as  follows: 

Autopsy  Record,  0-942.  Autopsy  by  Dr.  Pearce,  October  17,  1905, 
at  Child's  Hospital.    Brain  only  removed. 

Clinical  Diagnosis. — ^Tumor  of  brain;  Broncho-pneumonia. 

Head, — Of  average  size.  On  stripping  scalp  the  anterior  fonta- 
nelle  is  slightly  open,  irregular  in  shape  and  tense  but  not  bulging. 
Posterior  fontahelle  is  closed.  The  bones  of  the  skull  are  in  apposi- 
tion except  at  anterior  fontanelle  but  are  not  united;  by  pressure  they 
can  be  readily  moved  one  upon  the  other.  On  removing  calvarium 
the  dura  is  seen  to  be  tense  and  fluctuant;  on  section  a  large  amount 
of  clear  fluid  escapes. 

Brain. — Convolutions  are  flattened.  Blood  vessels  are  prominent 
and  deeply  congested.  Both  hemispheres  are  fluctuant  and  on  at- 
tempting to  remove  the  brain  from  the  cranial  cavity  a  rupture 
along  the  inner  aspect  of  the  left  hemisphere  occurred  with  escape 
of  a  large  amount  of  clear  fluid.  Each  hemisphere  is  found  to  be 
transformed  into  a  sac  lined  by  smooth  greyish-white  membrane  in 
which  blood  vessels  are  very  prominent.  The  cortex  is  greatly 
thinned  varying  in  thickness  from  two  to  six  millimeters  except  at 
the  most  anterior  portion  of  the  frontal  lobes  where  it  was  about  a 
centimeter  in  thickness.  The  dilation  of  the  ventricles  is  extreme. 
The  third  ventricle  is  gfreatly  dilated  as  is  also  the  iter  a  tertio  ad 
quartum  ventriculum.  The  fourth  ventricle  is  slightly  dilated;  this 
dilatation  extending  somewhat  laterally.  The  corpora  quadragemina 
and  basal  ganglia  are  very  prominent.  The  prominence  is  due  in 
part  to  the  atrophy  of  the  adjacent  structures.  Cerebellum  shows 
no  changes.  The  choroid  plexuses  are  slightly  congested.  Owing 
to  disturbance  of  relations  brought  about  in  removing  the  brain  it 
is  impossible  to  examine  the  communications  between  the  ventricles 
other  than  those  noted  above. 

Anatomical    Diagnosis. — Congenital     internal    hydrocephalus. 

The  above  description  of  the  macroscopic  appearance  of  the  brain 
might  be  rendered  more  complete  by  inserting  a  few  additional 
remarks.  There  are  patches  of  leptomeningitis  (thickening  and 
opacity  of  the  membranes)  over  the  occipital  pole  on  all  its  surfaces 
and  in  the  fossa  Sylvii  in  the  right  hemisphere,  and  over  the  mesial 
surface  as  well  as  along  the  inferior  border  of  the  occipital  lobe  in 
the  left  hemisphere. 

There   is   evidence   of  microg>'ria    in   various   places,    but   it   is   most 

distinct  about  the  motor  convolutions  of  the  right  hemisphere,  the 

inferior   frontal   and    the    inferior   parietal   convolutions    of   the   left 

hemisphere.     Patches   of  ventricular  meningitis,  most  marked  over  the 
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ventricular  surface  of  the  caudate  nucleus  are  distinctly  to  be  seen 
in  both  hemispheres,  but  the  lesions  are  far  more  extensive  in  the 
left  lateral  ventricle,  where  a  relatively  thick,  creamy-white,  pulpy 
exudate  covers  the  seemingly  enlarged  head  of  the  caudate  nucleus, 
spreading  out  irregularly  from  that  point  over  the  outer  wall  of 
the  ventricle  and  into  its  anterior  comu,  and  invading  more 
or  less  diffusely  the  proximal  surface  of  the  parietal  segment 
of  the  lateral  ventricle.  The  exudate  is  thickest  over  the  most  mesial 
portion  of  the  caudate  nucleus  along  the  stria  cornea,  and  in  the  vicinity 
of  the  foramen  of  Monro  where  it  partly  covers  over  the  larger 
ventricular  blood  vessels. 

The  brain-stem  presented  a  very  peculiar  aspect;  there  being,  in 
the  first  place,  a  decided  asymmetry  between  the  two  lateral  halves 
of  its  various  segments  (pedtucle,  pons  and  medulla).  This  portion 
of  the  brain  having  been  separated  from  the  hemispheres  at  the 
level  of  the  anterior  corpora  quadrigemina  and  nuclei  nibri,  i.  e., 
well  up  in  the  course  of  the  crura  cerebri  (despite  the  unfavorable 
condition  of  affairs  resulting  from  the  unavoidable  tear  at  the  time 
of  removal  of  the  brain  as  well  as  from  subsequent  handling  and 
faulty  positions  in  jars,  the  hemispheres  having  fallen  completely 
asunder),  and  the  part  being  held  vertically,  there  is  noticed  a 
decided  deflection  or  inclination  of  the  brain-stem  to  one  side,  seem- 
ingly due  to  atrophy  of  this  side;  this  atrophy  affecting  about  equally 
the  various  segments  from  the  subthalamic  region  to  the  motor  decus- 
sation. Not  only  is  one  lateral  half  shorter,  but  also  decidedly  lesser,  in 
size;  the  disparity  in  the  volume  of  both  halves  of  the  brain-stem 
being  most  manifest. 

The  anterior  median  fissure  of  the  cord  continues  upward  unin- 
terruptedly over  the  pons  and  then  becomes  lost  in  the  interpeduncu- 
lar space.  Of  the  anterior  pyramids,  there  is  barely  a  trace;  the 
inferior  olives  being  very  prominent  although  of  very  unequal  size, 
and  bulging  on  either  side  of  the  median  fissure,  where  they  truly 
form  the  ventral  boundary  and  substance  of  the  medulla.  It  is  in 
the  region  of  the  pons  that  the  greatest  asymmetry  appears.  One 
has  the  impression  that  the  superficial  transverse  pontine  fibres  are 
wanting  on  one  side;  which  would  explain  the  existence  of  a  deep 
fissure  over  the  ventral  surface  of  this  region  and  contribute  much 
to  render  one  lateral  half  of  the  pons  both  shorter  and  smaller. 

The  Fourth  Ventricle, — ^The  floor  of  the  fourth  ventricle  presents 
nothing  particularly  atypical,  save  that  its  lateral  angles  are  pressed 
outward  and  forward,  whereby  the  ventricular  floor  at  its  widest  part 
is  much  more  plane  than  in  the  normal  state.  The  cavity  of  the 
fourth  ventricle  as  a  whole,  moreover,  is  considerably  dilated,  much 
more  so  than  is  usually  seen  even  in  cases  of  marked  hydrocephalus. 

Rigorously  serial  sections  of  the  entire  brain-stem;  portions  of 
the  cortex  of  the  ascending  central  convolutions,  the  para-central 
lobule,  the  calcarine  region  and  the  cerebellum;  as  well  as  portions 
of  the  ventricular  surface  of  the  caudate  4iucleus  at  the  level  of  the 
ependymal    lesions,    together    with    the    optic    nerves,    have    been    sub- 
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mitted  to  microscopic  study.  The  cord,  as  already  said,  had  not 
been  removed.  Staining  methods  employed:  Wcigcrt  and  Pal  for 
myelin-sheaths ;  Pal-cochineal;  Van  Gieson,  hematoxylin-eosin,  and. 
carmin. 

Description  of  Histologic  Findings. — ^At  the  level  of  the  peduncle 
and  upper  segment  of  the  pons  Varolii  (PI.  I,  Fig.  i),  microscopic  exam- 
ination reveals  the  vircll-marked  atrophy  of  one  lateral  half  of  this 
portion  of  the  brain-stem.  Both  fasciculi  longitudinales  posteriores^ 
both  bimdles  of  radicular  trochlears  filaments,  both  brachia  con- 
junctiva and  both  masses  of  fibres  forming  the  crura  cerebri  (Fiisse: 
pedunculi)  are  present,  but  aside  from  the  pyramidal  bundles,  whose 
relative  proportions,  differences  of  topographic  distribution  resulting: 
from  the  absence  of  certain  systems  of  fibres  render  unascertainable,. 
all  the  above-named  tracts  are  decidedly  atrophic  on  one  side;  the 
disproportion  being  most  manifest.  There  is  but  one  mesial  fillet 
and  that  on  the  atrophic  side,  where,  on  the  other  hand,  only  a  trace 
of  the  lateral  fillet  exists;  whereas  on  the  healthier  side,  one  sees 
what  appears  to  be  a  perfectly  typical  nucleus  of  the  lateral  fillet, 
there  being  no  indication  whatever  of  a  mesial  fillet.  There  exists  bttt 
one  corpus  quadrigeminimi  posterius,  which  is  situated  on  the  atro- 
phic side,  and  but  one  set  of  superficial  and  deep  transverse  pontine 
fibres;  their  corresponding  territory  on  the  opposite  side  cannot  even 
be  said  to  be  occupied  by  reactionless,  non-staining  degenerated, 
fibres.  The  result  of  this  anomaly  is,  that  as  we  consider  successively- 
lower  cross-sections  of  the  pons,  one  pyramid,  or  rather  one  mass, 
of  fibres  including  the  motor  pyramidal  fibres  and  the  cortico-ccre- 
bellar  tract,  appears  free  at  the  ventral  border,  whereas  its  fellow 
follows  the  usual  course  between  the  two  sets  or  layers  of  transverse- 
pontine  fibres;  being  covered  ventro-laterally  by  coarse  bundles,  either- 
transversely  or  vertically  directed,  and  which  evidently  belong  to* 
the  brachium  pontis.  These  fibres  cease  abruptly  at  the  anterior 
extremity  of  the  median  raphe.  At  lower  levels,  a  fair  number  of 
these  fibres  pass  dorsally  to  the  free  mass  or  corticipetal  fibres  of 
the  opposing  side,  thus  constituting,  at  least  apparently,  what  might 
be  called  a  deep  set  of  transverse  pontine  fibres  for  the  atrophic 
hemi-pons. 

Small  lesions  are  present  along  the  ventral  periphery  (occlusion^ 
of  vessels,  infiltration,  corpora  granulosa),  sink  in  behind  the  pyra- 
mids; they  also  exist  over  the  ventricular  floor  and  angles  and  even- 
in  the  central  griseum,  extending  along  the  raphe  from  the  ventricular 
floor  into  the  deeper  structures  of  the  tegmentum. 

The  floor  and  lateral  recesses  of  the  fourth  ventricle  present  a 
good  number  of  infoldings,  and  the  medullary  vela  are  markedly 
thinned,  showing  to  what  extent  ventricular  dilatation  has  occurred 
as  well  as  the  results  of  chronic  inflammation  (determination  of" 
adherent  surfaces  in  pockets  of  main  sac).  An  interesting  anatomic 
detail  at  this  level,  is  the  unusual  sharpness  of  outline  of  the  fascicu- 
lus predorsalis  of  Tschermak. 

In   the   lower   regions    of   the    pons,   the   fibres    of    the   brachium; 
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pontis,  which  (at  high  levels),  were  confined  to  one  lateral  half 
of  the  organ,  embracing  on  all  sides  one  set  of  corticifugal  fibres 
and  which,  lower  down,  penetrated,  as  already  said,  into  the  atrophic 
side,  passing  dorsally  to  the  great  mass  of  free  p3rramidal  and  cortico- 
cerebellar  fibres,  now  gradually  collect  at  the  ventro-lateral  periphery 
of  this  side  (i.  e.  the  atrophic  side),  lying  just  outside  of  the  pyra- 
midal tract,  which,  we  repeat,  they  cross  or  cover  over  ventrally,  at 
no  point  whatever,  leaving  thus  this  pyramidal  tract  perfectly  free 
at  the  anterior  border  of  the  pons  Varolii  throughout  its  whole  extent. 

Just  how  the  brachia  conjunctiva  leave  the  tegmentum  to  pass 
into  the  cerebellum  (their  course  bemg,  of  course,  just  the  reverse) 
is  not  clear,  the  fact  being  that  the  roof  of  the  ventricle  is  nowhere 
intact.  Higher  up,  a  thin  blade  of  white  matter  containing  well- 
stained  fibres,  in  which  the  outgoing  filaments  of  the  patheticus  can 
be  distinguished,  as  well  as  other  fibres  evidently  belonging  to  the 
superior  cerebellar  peduncles,  leaves  no  doubt  that  we  have  to  do 
with  the  valve  of  Vieussens,  but  it  must  be  said  that  such  a  process 
exists  only  on  one  -side,  the  other  half  having  disappeared;  a  fact 
one  readily  conceives  on  seeing  the  extensive  lesions  which  have 
occurred  at  all  points  along  the  fioor  and  more  especially  at  the 
lateral  angles  of  the  ventricle,  corresponding  to  the  acoustic  nuclei, 
the  restiform  bodies,  etc.  The  process  has  even  gone  so  far  as  to 
disrupt  the  cerebellar  substance  intervening  between  the  nucleus 
dentatus  and  the  tuberculum  acousticum.  In  part  at  least,  the  fibres 
of  the  brachia  conjunctiva  seem  to  join  those  of  the  brachium  pontis 
at  the  side  of  the  pons.  Still  lower,  near  the  ponto-bulbar  jtmction, 
the  fibres  of  the  brachium  pontis  abandon  the  field  situated  to  the 
outer  side  of  the  pyramid,  trend  backward  and  seem  to  blend  with 
the  most  superior  extension  of  restiform  body  of  that  side  (i.  e.  the 
atrophic  side),  then  to  curve  outward  and  merge  into  a  dense  tangle 
of  deep-staining  fibres  which  is  capped  over  by  cerebellar  folia. 

The  cross-section  of  the  fasciculi  teretes  and  of  the  posterior 
longitudinal  bundles  appears  perfectly  normal.  Both  the  motor  and 
sensory  pontic  nuclei  of  the  trigeminal  nerve  are  distinctly  recog- 
mizable,  as  is  also  the  descending  or  spinal  root  of  this  same  nerve. 
A  point  which  is  of  particular  interest,  being  given  the  scantiness 
of  our  knowledge  concerning  this  special  detail  in  nervous  anatomy, 
is  the  distinctness  with  which  the  relationship  between  the  trigem- 
inal system  and  the  cerebellum  can  be  studied.  Continuity  of  de- 
cussating trigeminal  fibres  with  outgoing  radicular  filaments — the 
passage  of  fibres  from  the  vicinity  of  the  fifth  nuclei  and  from  their 
decussating  field  into  the  cerebellar  hemispheres,  by  way  of  the 
lateral  ponto-cerebellar  angles,  their  relations  to  the  fasciculi  teretes, 
etc.,  are  all  details  which  are  most  clearly  appreciable.  At  this  level 
also,  both  bundles  of  pyramidal  fibres  begin  to  resemble  each  other 
somewhat  more  distinctly  than  heretofore,  and  there  is,  apparently 
at  least,  a  partial  restoration  of  the  wanting  mesial  lemniscus.  Both 
abducens  nuclei  as  well  as  their  outgoing  radicular  filaments  come 
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prominently  into  view,  as  do  also  the  subventricular  loop  and  out- 
going roots  of  both  facial  nerves;  the  first  part  of  the  latter  nerve, 
that  which,  after  its  origin,  courses  dorso-mesially  to  encircle  the 
abducens  nucleus  is  less  clearly  appreciable.  The  same  may  be  said 
of  the  nucleus  of  origin  of  the  facial.  Whereas,  on  the  relatively 
healthy  side,  the  abducens  root-fibres  emerge  at  the  ventral  border, 
those  of  the  atrophic  side  leave  the  pons  at  the  bottom  of  the  an- 
terior fissure  which  is  quite  deep  at  this  level.  Irradiation  of  the 
root-filaments  of  the  trigeminal  nerve  into  their  pontic  nucletis,  is 
very  distinctly  to  be  seen  on  the  healthier  side  of  section.  A  plexi- 
form  network  situated  dorsal  to  the  pyramidal  tracts  on  either  side 
seemingly  represents  the  system  of  the  corpus  trapezoides.  Its  fibres 
decussate  in  the  median  raphe  and  literally  traverse,  in  part,  the  resti- 
form  body,  as  if  going  to  the  cerebellum,  but  in  reality,  they  come 
into  relation  with  a  collection  of  ganglionic  nerve-cells  located  to 
the  outer  side  of  the  restiform  body  and  which  probably  belongs  to 
the  ventral  acoustic  nucleus;  this  nucleus  having  acquired  abnormal 
relations  to  the  surrounding  structures  owing  to  the  very  consider- 
able displacement  which  has  resulted  from  the  extensive  lesions 
involving  the  bulbo-ponto-cerebellar  angle.  This  view  receives  addi- 
tional support  as  we  consider  lower  sections,  i.  e.  sections  passing 
slightly  above  the  level  where  the  inferior  olives  come  into  the 
field,  when  there  appears  just  outside  of  the  fully-developed  resti- 
form body,  a  long  vermicular  collection  of  ganglionic  nerve-cells  which 
borders  on  the  dorso-lateral  periphery,  curves  forward  along  the 
ventral  aspect  of  the  restiform  body  and  receives  the  fibres  of  the 
cross-coursing  bundle  attributed  above  to  the  system  of  the  corpus 
trapezoides.  This  cellular  collection  is  doubtless  part  of  the  ventral 
acoustic  nucleus  with  its  tuberculum  acousticum.  At  this  level,  it 
is  impossible  to  outline  the  pyramidal  tract  on  the  atrophic  side, 
but  it  is  still  fairly  well-defined  on  the  opposite  side.  Both  crescen- 
tic  areas  occupied  by  the  descending  spinal  roots  of  the  trigeminus 
are  clearly  defined  and  practically  normal  in  appearance.  The  resti- 
form body  of  the  healthier  half  of  this  region  cleaves  into  two 
distinct  deep-staining  diverging  areas,  between  which,  a  lighter  field 
oblong  in  shape  and  poor  in  meduUated  nerve-fibres  gradually  de- 
velops. The  posterior  longitudinal  bundles  gradually  unfurl  beneath 
the  mesial  portion  of  the  ventriculaY  floor  and  slowly  trend  forward 
along  either  side  of  the  raphe.  The  trapezoid  formation  is  gradually 
replaced  by  the  cerebello-olivary  system. 

Lesions  of  the  ponto-peduncular  level — Lesions  abound  along  the 
ventral  periphery,  penetrating  into  the  interpeduncular  recess,  where 
a  large  almost  empty  lenticular  cavity  exists;  giving  the  impression 
that  it  has  resulted  from  softening  associated  with  arterial  occlusion. 
Other  lesions  are  found  at  the  lateral  periphery  behind  the  mass  of 
fibres  of  the  "  fiisse  pedunculi,"  dipping  down  into  the  substance 
proper  of  the  organ,  completely  severing  the  most  superior  part  of 
the  brachium  pontis,  and  furthermore  interrupting,  but  only  on 
one  side,  the  mesial  fillet  at  its  angle  of  union  with  the  lateral  fillet; 
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it  has  thus  determined  practically  its  total  degeneration.  These  foci 
are  in  relation  with  vascular  alterations  of  considerable  intensity, 
which  are  to  be  found  all  along  the  ventral  periphery,  to  a  lesser 
extent  along  the  lateral  borders,  but  also  at  different  points  in  the 
ventricular  floor  of  the  region.  There  is  distinct  evidence  of  a 
chronic  leptomeningitis  and  ependymitis.  The  main  vascular  trunks 
appear  relatively  reduced  in  their  general  proportions  on  cross- 
section,  but  their  walls  are  enormously  thickened  and  fibrous  in 
character.  These  blood  vessels  often  appear  as  small  round  or 
oval  structures,  constituted  by  concentrically  disposed,  somewhat 
glistening,  slightly  wavy  fibrous  layers,  occasionally  occluded  en- 
tirely, more  often  containing  a  few  cells  in  their  lumen,  but  rarely 
containing  many;  in  which  latter  case  the  vessel-wall  is  only  slightly 
thickened  and  its  lumen  occupied  by  a  few  shadow-cells.  A  number 
of  vessels  take  a  very  black  color  in  hematoxylin-stained  sections  or 
appear  as  blackish  masses,  which,  with  the  high-power,  are  seen  to 
be  made  up  of  equally  black  spheric  cell-like  bodies  of  unknown 
origin  and  character.  The  lumen  of  many  blood  vessels  is  filled 
with  an  admixture  of  these  dark-staining  black  bodies  and  shadow- 
cells,  both  of  which  are  equally  to^e  found  in  the  adventitial  spaces 
of  some  of  them.  In  between  the  various  vessels,  and  lodged  in  the 
interstices  of  the  leptomeninges,  there  is  present  a  grreat  variety  of 
elements:  granular  detritus,  apparently  a  few  leucocytes,  shadow- 
cells,  a  fair  amount  of  blood-pigment  with  occasional  refractive 
crystals,  a  few  endothelial  cells,  granular  cells  containing  particles 
probably  derived  from  disintegrated  tissue,  occasional  amyloid  cor- 
puscles and  fibrous  wavy  strands.  Less  intense  but  analogous 
changes,  are  also  observed  about  the  Sylvian  aqueduct  and  ventri- 
cular floor.  Occasional  thrombosed  vessels  in  the  depth  of  the 
organ  are  also  seen,  noticeably  in  the  vicinity  of  the  oculomotor 
nuclei,  much  more  marked  on  one  side,  where  the  cells  of  the 
nucleus  appear  distinctly  atrophied  in  comparison  with  those  of  its 
fellow,  which,  despite  very  appreciable  lesions  of  like  character, 
shows  the  presence  of  remarkably  well-preserved  ganglion-cells.  It 
must  be  said  that  vascular  alterations  are  also  present  in  the  sub- 
stance proper  of  the  brain-stem,  being  practically  confined  however 
to  the  peripheral  zone,  where  the  blood  vessels  show  distinct  increase 
in  number;  many  having  decidedly  thickened  walls  and  their  lumen 
being  often  either  partially  or  completely  occluded. 

Interesting  changes  are  to  be  noted  about  the  Sylvian  aqueduct 
and  the  floor  of  the  fourth  ventricle.  The  exact  location  of  the 
aqueduct  is  readily  recognized  owing  to  the  persistence,  at  one  point, . 
of  the  regularly  disposed  line  of  ependymal  basal  cells,  with  fully- 
preserved  details  of  morphologic  structure.  These  cells  have  pro- 
liferated and  form  a  thick  compact  limiting  barrier;  from  their  deep 
surface,  emerge  the  characteristic  basal  processes  which  penetrate 
into  the  substance  of  the  subventricular  griseum.  The  roof  and  sides 
of  the  Sylvian  aqueduct  have  been  completely  undermined  and  pre- 
sent a  jagged  and  irregular  outline;  the  ependyma  has  been  destroyed 
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a«d  replaced  by  numerous  cells  of  peculiar  morphologic  type.  They 
are  numerous,  rounded  in  outline,  remarkably  uniform  in  size, 
resembling  in  general  texture  the  ependymal  cell,  but  much  smaller, 
and  instead  of  being  diffusely  and  finely  granular,  they  possess  a 
much  clearer  matrix  with  only  two,  three,  or  four  diminutive  deep 
staining,  bluish-black,  dot-like  granules,  lying  far  apart  from  one 
another  with  intervening  clear  matrix.  We  are  totally  ignorant  of 
their  source  and  character.  The  possibility  suggests  itself  that  they 
are  newly-formed,  immature  (judging  from  already  specified  pro- 
liferation of  the  same)  ependymal  cells,  or  the  same,  altered  by 
disease,  as  they  do  resemble  glia  cells,  such  as  are  seen  in  different 
pathological  states.  These  cells  are  either  imbedded  in  the  neigh- 
boring parenchyma,  or  lying  free  in  the  cavity  along  with  a  greater 
or  lesser  amount  of  degenerative  products:  granular  debris,  red  blood 
cells,  pigment,  granular  cells,  etc.  Scattered  through  the  deep  g^ray 
substance  surrounding  the  aqueduct,  are  a  number  of  large  cells  with 
rather  indistinct  markings,  but  which  resemble  in  a  general  way,  the 
classic  multipolar  ganglionic-cell. 

The  floor  and  lateral  recesses  of  the  fourth  ventricle  present  analo- 
gous lesions  at  various  points,  but,  with  the  exception  of  two  small 
foci  situated  in  the  middle  line  and  corresponding  to  the  origin  of 
the  raphe,  these  lesions  are  most  extensive  in  the  more  lateral  por- 
tions of  the  floor  and  about  the  ponto-cerebellar  angle.  Practically 
over  the  whole  extent  of  the  ventricular  floor  however,  slight  changes 
have  occurred,  and  almost  everywhere,  the  basal  ependymal  cells  are 
decidedly  altered,  appearing  as  jet-black,  round  or  oval  bodies,  the 
true  nature  of  which  it  would  be  impossible  to  appreciate,  if  it  were 
not  for  the  slender  processes  which  can  be  seen  to  emerge  from 
under  them,  and  stream  ventrally  towards  the  raphe  through  the 
subjacent  nervous  parenchyma.  At  several  points  the  ependymal  line 
is  interrupted;  it  is  most  normal  near  the  origin  of  the  raphe. 
Occasionally,  it  becomes  reduplicated,  forming  infoldings  or  tubular 
prolongations  which  dip  down  into  the  subjacent  griseum  a  varying 
distance.  Two  of  these  infoldings  situated  at  the  lateral  angles,  are 
larger  than  the  rest,  and  deserve  to  be  briefly  described.  One  in- 
volves the  subventricular  gray  matter  dorsal  to  the  descending  cere- 
bral trigeminal  root  on  the  healthier  side;  the  other  is  situated  under 
cover  of  the  posterior  corpus  quadrigeminum  on  the  atrophic  side, 
extending  very  deeply  into  the  formatio-reticularis  and  actually  bi- 
secting the  intra-pontine  segment  of  the  brachium  conjunctivum  at 
the  angle  of  union  of  its  two  blades.  At  both  these  points,  owing 
to  the  presence  of  a  number  of  fairly  normal  ependymal  cells,  the 
mechanism  of  this  process  can  be  clearly  made  out.  A  true  in- 
vagination of  the  ventricular  floor  has  occurred,  forming  an  extremely 
narrow  tubular  prolongation  closely  resembling  a  tubular  gland,  the 
walls  of  which,  formed  by  closely-packed  proliferated  ependymal 
cells,  are  here  and  there  absolutely  in  contact,  thus  producing  an 
alternating  series  of  atresiae  and  dilatations.  These  lining  cells  are 
very   regularly    disposed,   take    sometimes    the   normal    stain,    but   often 
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are  replaced  by  jet-black  globular  bodies  similar  to  those  previously 
mentioned  in  connection  with  the  lesions  of  the  general  ventricular 
floor;  again,  are  intermediate  forms  observed,  i.  e.,  cells  which  are 
only  partly  laden  with  black  granules,  so  that  their  texture  is  partly 
visible.  It  would  seem  that  these  black  granules  might  represent  the 
products  of  degeneration,  and  that  the  containing  cells  are  truly 
ependymal  cells,  or  else  modified  glia  cells,  which  have  taken  on 
phagocytic  activity.  In  many  places,  the  ependymal  cells  have  pro- 
liferated even  to  the  point  of  forming  local  agglomerations,  disposed 
in  parallel  rows  three  or  four  cells  deep,  and  presenting  in  a  very 
characteristic  fashion  a  regular  "shoal  arrangement"  In  the  lumen 
of  the  tubular  infoldings  thus  determined,  and  about  the  ventricular 
surface  at  their  point  of  dipping  in,  much  free  detritus  exists,  con- 
taining pink  or  violet  (according  to  stain)  staining  cells,  rounded  or 
oval  in  outline,  and  the  structure  of  which  is  identical  with  that  of 
the  ependymal  cells  (perhaps  a  different  stage  of  development  and 
representing  a  proliferating  embryonal  type),  also  the  type  of 
cell  above  described  and  which  is  characterized  by  the  presence  of 
isolated  dot-like  blackish  granules  in  a  clear  matrix,  as  well  as  blood- 
cells,  granular  detritus,  blood-pigment  and  occasional  classic  granular 
cells.  Near  the  elevated  ventricular  edges  of  these  tubular  prolonga- 
tions, it  is  common  enough  to  see  peculiar  shred-like  collections  or 
tufts,  evidently  formed  by  the  aggregation  of  a  great  number  of 
ependymal  processes  or  fibrils.  The  lesion  located  beneath  the  cor- 
pus quadrigeminum  posterius  invades  its  ventricular  surface  to  such 
considerable  extent,  that  fairly  large  cavities  have  been  formed,  re- 
sembling that  described  in  connection  with  the  lesions  of  the  inter- 
pedtmcular  griseum,  and  like  it,  probably  the  result  of  vascular 
obliteration.  All  around  these  various  lesions,  marked  changes  are 
present  in  the  blood  vessels:  thrombosis,  thickening,  extravasations 
composed  of  granular  cells,  blood  pigment,  etc.  If  distinct  evidence 
of  a  true  meningitis  is  scant  at  other  points  along  the  brain-stem, 
it  certainly  abounds  over  the  dorso-lateral  border  of  this  segment  of 
the  pons,  where  lesions  of  considerable  intensity  are  to  be  seen  in 
the  pia  covering  the  posterior  corpus  quadrigeminum  and  the  ad- 
jacent portion  of  the  pons;  extreme  fibrous  thickening  of  the  vessel- 
walls,  occlusion  of  the  lumen  with  densely  packed  granular  bodies 
and  shadow-cells. 

In  the  thickened  meshes  of  the  pia  are  lodged:  desquamated  endo- 
thelial cells,  shadow-cells,  granular  bodies,  granular  detritus  and 
blood-pigment.  The  whole  process  certainly  resembles  very  closely 
the  lesions  observed  in  syphilitic  meningitis  (endarteritis  obliterans, 
chronic  fibrous  thickening,  involvement  of  the  subjacent  nervous  paren- 
chyma, absence  of  ordinary  inflammatory  reaction,  i.  e.,  of  poly- 
morphonuclear leucocytes,  limited  areas  of  softening,  main  localiza- 
tion in  the  leptomeninges,  involvement  of  the  optic  sheaths,  vascular 
alterations  in  the  peripheral  zone  of  the  nervous  parenchyma,  etc). 

At  the  level  of  the  full  development  of  the  auditory  system  (PI.  I, 
Fig.   2),   a   very   peculiar   anomaly   presents.     Owing   probably   in   part 
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nants  of  former  miliary  hemorrhages  are  to  be  seen,  or  else,  actual 
cavities  mark  the  site  of  the  destructive  process.  At  the  level  of 
the  seventh  and  eighth  cervical  segments,  larger  lesions  of  a  similar 
character  are  situated  at  the  base  of  one  posterior  horn,  which  is 
for  the  most  part  destroyed,  as  well  as  the  surrounding  substance  of 
the  intermediate  gray  matter;  the  base  of  the  anterior  horn  being 
involved  only  to  a  very  limited  extent.  The  whole  process  resembles 
most  closely  that  of  poliomyelitis  anterior  acuta  in  its  later  and 
stationary  stage.  The  multipolar  nerve-cells  of  the  anterior  horns 
are  in  a  general  way  quite  well-preserved.  Similar  lesions  are  found 
throughout  the  dorsal  and  lumbo-sacral  regions,  where  they  surround 
on  all  sides  the  vesicular  column  of  Clarke  without  actually  involving 
it  to  any  appreciable  extent,  except  at  a  few  levels,  where  it  is 
decidedly  implicated. 

The  cortex  of  the  Rolandic  and  calcarine  regions  shows  every- 
where most  distinct  alterations.  Meningeal  changes  are  present, 
consisting  in  marked  thickening  and  round-cell  infiltration  of  the 
pia,  thickened  and  obliterated  blood  vessels  in  the  perivascular  spaces 
of  which,  as  well  as  in  the  meshes  of  the  pia,  large  numbers  of 
granular  bodies  are  to  be  seen.  The  molecular  zone  of  the  cortex 
is  rarefied,  presents  a  clouded  and  porous  aspect,  and  is  strikingly 
poor  in  tangential  fibres.  The  large  pyramidal-cells  are  moderately 
reduced  in  number,  but  their  finer  structural  details  are  markedly 
inappreciable.  The  neurogliar  meshwork  and  glia-cells  are  distinctly 
increased  in  their  proportion  to  the  parenchymatous  structures. 
Throughout  the  cortex,  vascular  lesions  and  miliar>'  cavities  are  dis- 
tinctly visible. 


Resum6  and  Interpretation  of  the  Secondary  Degenerations,  Atro- 
phies AND  Failures  of  Development  Observed  in  EIach  Case. 

In  Case  I,  there  is  a  moderate  and  diffuse  degeneration  of  both 
pyramids;  a  degeneration  of  both  mesial  fillets,  total  on  one  side, 
partial  on  the  other;  a  total  degeneration  of  one  lateral  fillet  and  of 
one  set  of  antero-external  arcuate  fibres;  an  incomplete  but  marked 
degeneration  of  both  sets  of  internal  arcuate  fibres.  There  is  a 
marked  atrophy  of  one  olive  and  one  corpus  quadrigeminum  pos- 
terius,and  a  generalized  atrophy  of  one-half  of  the  brain-stem.  There 
is  total  absence  of  one  set  of  superficial  and  deep  transverse  pontine 
fibres,  and  of  lateral  half  of  the  valve  of  Vieussens. 

The  degeneration  of  the  pyramids  is  due  to  the  numerous  foci  of 
perivascular  disintegration  situated  in  the  overlying  meninges,  about 
the  raphe,  and  even  within  their  own  territory  at  various  levels 
throughout  the  brain-stem.  The  degeneration  of  the  internal  arcuate 
fibres  on  both  sides,  of  one  mesial  fillet  and  one  set  of  antero-external 
arcuate  fibres,  is  in  direct  relation  to  the  pericanalicular  destructive 
lesions  of  the  lower  medulla,  which  involve  the  central  gray  mattet 
situated  in  the  middle  line  and  in  the  domain  of  the  nuclei  gracilis 
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et  cuneatus  of  ope  side.  The  total  degeneration  of  one  mesial  fillet 
in  the  ponto-peduncular  region  is  merely  the  result  of  its  actual 
involvment  at  the  level  of  the  extensive  lesions  previously  described; 
it  being  in  part  reconstituted,  as  we  have  seen,  in  lower  regions. 
The  total  degeneration  of  one  lateral  fillet  is  in  relation  with  the 
•extensive  lesions  involving  the  contralateral  acoustic  nucleus  and 
tuberculum  acousticum,  and  which  at  the  same  time,  explain,  the  con- 
sequent atrophy  of  the  related  corpus  quadrigeminum.  The  marked 
atrophy  of  one  olive  is  due  to  the  segmentition  and  partial  destruc- 
tion of  the  heterolateral  restiform  body.  It  is  well  to  state  in  this 
<x>nnection,  that  the  process  which  this  olivary  body  exhibits,  is  dis- 
tinctly an  atrophic  and  not  a  degenerative  one,  properly  speaking;  a 
fact  which  would  tend  to  show  that  the  so-called  cerebello-olivary 
tract  is  derived,  in  good  part  at  least,  from  the  olive  and  not  ex- 
clusively from  the  cerebellum.  The  hemi-atrophy  of  the  entire  brain- 
stem is  evidently  in  direct  relation  to  the  extensive  lesions,  situated, 
throughout  the  pons  and  medulla,  about  the  lateral  angle  of  the  fourth 
ventricle  on  the  opposite  side.  The  crossed  relation  between  the  various 
segments  of  the  brain-stem  and  the  cerebellum,  as  well  as  the  im- 
portant share  which  the  connecting  systems  have  in  the  constitution 
of  the  brain-stem,  are  facts  so  well-known,  that  the  mechanism  of 
this  hemiatrophy  hardly  needs  further  discussion.  The  absence  of 
one-half  of  the  valve  of  Vieussens  and  of  one  brachium  pontis,  is 
the  result  of  their  actual  implication  in  the  various  destructive  processes 
observed  both  about  the  ventricular  floor  and  along  the  ventro- 
lateral periphery  of  the  ponto-peduncular  region. 

In  Case  II,  we  note  an  appreciable  degeneration  of  both  pyramidal 
tracts  throughout  their  course,  as  well  as  of  both  mesial  fillets;  a 
fairly  marked  degeneration  of  both  antero-lateral  ascending  tracts; 
a  very  extensive  degeneration  of  the  descending  trigeminal  fasciculi 
below  the  level  of  the  sensory  decussation;  a  discoloration  of  the 
prepyramidal  area  in  both  lateral  columns  of  the  spinal  cord.  There 
is  likewise,  a  very  marked  atrophy  and  degeneration  of  one  red 
nucleus,  the  source  of  which  we  have  already  suflSciently  exposed. 
The  degeneration  of  the  motor  tracts  is  evidently  the  result  of  the 
■cerebral  sclerosis  which  was  well-marked  in  this  case;  but,  in  the 
spinal  cord,  the  area  degenerated  in  either  lateral  column  far  exceeds 
the  proportions  ascribed  by  classic  authors  to  the  territory  of  the 
crossed  pyramidal  tracts,  and  we  are  of  the  opinion  that  other  de- 
generated tracts  contribute  to  the  topography  of  this  uncommonly 
large  field  of  sclerosis.  The  lesions  observed  bcween  the  red  nuclei 
and  upon  which  we  have  particularly  insisted,  involve  the  exact  seat 
•of  decussation  of  the  rubro-spinal  tracts,  described  by  von  Monakow. 
These  tracts,  one  for  each  side,  take  their  origin  in  the  red  nuclei, 
decussate  in  the  median  raphe,  course  through  the  pons  and  medulla 
where  they  occupy  the  antero-lateral  segment  of  the  format! o-rcti- 
cularis,  and  in  the  cord  are  situated  immediately  in  front  of  the 
crossed  pyramidal  tracts,  finally  terminating,  in  part  at  least,  like  the 
iatter,    about    the    multipolar    nerve-cells    of    the    anterior  horns.     So 
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far  and  to  the  best  of  our  knowledge,  the  existence  of  this  tract 
has  been  positively  demonstrated  only  in  the  lower  animals;  without 
making  any  assertion  with  regard  to  the  fact,  it  seems  to  us  that 
the  actual  observation  is  quite  favorable  to  the  hypothesis  that  the 
rubro-spinal  tract  exists  likewise  in  man. 

The  degeneration  of  both  mesial  fillets  (more  marked  on  one 
side)  and  both  descending  trigeminal  fasciculi  in  the  spinal  part 
of  their  course,  is  entirely  referable  to  the  bilateral  and  extensive 
changes  situated  in  the  domain  of  the  nuclei  of  the  posterior  columns 
and  which  we  have  fully  described  in  connection  with  the  histologic 
appearance  of  that  region.  The  unequal  but  bilateral  degeneration 
of  the  antero-lateral  marginal  fields  of  the  upper  dorsal  and  cervical 
cord,  is  the  result  of  the  well-marked  vascular  changes  observed 
about  the  intermediate  gray  matter  and  the  proximal  portion  of 
the  anterior  and  posterior  horns.  The  sclerosis  is  probably  not 
limited  to  the  tract  of  Gowers,  but  all  that  our  actual  knowledge  of 
the  anatomy  of  this  region  permits  to  state,  is  that  degeneration  of 
this  tract  on  both  sides  is  unquestionable. 

ResumA  of  the  Lesions  Common  to  Both  Cases  and  Dis- 
cussion OF  Their  Analogy  With  the  Lesions  of  Tetany. 

Although  internal  hydrocephalus  and  cerebral  sclerosis  are  (en- 
tirely distinct  pathologic  entities,  the  respective  constituent 
lesions  of  which  have  nothing  in  common,  not  only  with  each 
other,  but  also  with  the  lesions  described  in  connection  with 
tetany,  it  must  nevertheless  be  stated  that  in  both  cases  actually 
under  consideration,  well-characterized  changes  exist,  which  do 
not  form  part  of  the  process  associated  with  the  determination 
of  either  internal  hydrocephalus  or  cerebral  sclerosis ;  or,  if  they 
do  (which,  in  our  belief,  is  not  improbable),  mention  of  them 
is  still  wanting,  to  the  best  of  our  knowledge,  in  the  classic 
description  of  these  morbid  entities.  These  additional  lesions 
which  are  identical  in  both  cases,  are  likewise  identical,  or  almost 
so,  with  many  of  the  changes  described  in  tetany. 

The  accessory  changes  to  which  we  have  reference  may  be 
briefly  summarized  as  follows : 

(a)  Vascular  and  interstitial  changes,  occurring  more  especi- 
ally in  the  leptomeninges  of  the  brain-stem  and  spinal  cord 
(available  in  one  case  only)  and  about  the  structures  forming, 
or  neighboring  upon,  the  limiting  walls  of  the  Sylvian  aqueduct, 
the  fourth  ventricle  and  the  central  canal  of  the  spinal  cord; 
occasional  foci  also  existing  in  the  substance  proper  of  these 
organs.    These  changes   consist  in  marked  thickening  of  the 
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walls  more  especially  of  the  medium-sized  and  smaller  blood 
vessels;  partial  fibrous  obliteration  of  a  few,  cellular  occlusion 
or  thrombosis  of  many,  of  them ;  perivascular  dilatation  and  dis- 
tinct evidence  of  chronic  fibrous  leptomeningitis  and  ependy- 
mitis;  marked  thickening  of  the  sub-pial  and  peri-epend)mial 
neurogliar  layers. 

(b)  Parenchymatous  changes,  situated  for  the  most  part  in  the 
vicinity  of,  and  certainly  partly  dependent  upon,  the  lesions  in- 
cluded in  the  first  group,  disseminated  throughout  the  central 
griseum  of  the  brain-stem  and  spinal  cord.  These  alterations 
are  represented  by  various  types  of  cellular  degeneration  and 
vary  considerably  in  intensity  from  one  level  to  the  other ;  includ- 
ing all  degrees  of  simple  atrophy  and  cloudy  swelling,  loss  of 
pigment  or  of  the  nuclear  and  nucleolar  elements,  distortion  of 
contour  and  even  total  disappearance  of  the  ganglion-cells.  We 
are  excluding,  of  course,  the  nuclear  changes  resulting  from 
actual  implication  of  the  gray  matter  in  the  destructive  ventricu- 
lar lesions  which  were  observed  in  both  pons  and  medulla  (as 
for  instance,  the  extensive  involvment  of  the  acoustic  nuclei,  the 
nucleus  cuneatus). 

It  is  interesting  to  note  in  this  connection,  that  in  both  cases, 
the  nuclear  lesions  are  practically  confined  (with  the  exception 
of  the  acoustic  nucleus  and  tubercle,  extensively  involved  in  one 
case)  to  the  same  structures,  namely :  the  nuclei  of  the  posterior 
columns,  the  nuclei  of  origin  of  the  oculomotor  nerves,  the 
nuclear  field  ventral  to  and  between  the  nuclei  rubri. 

In  drawing  points  for  comparison  between  these  various  lesions 
and  the  changes  described  by  most  observers  in  connection  with 
tetany,  we  notice,  in  the  first  place,  that  either  category  of  changes 
just  described  has  been  advanced  as  representing  the  underlying 
anatomic  cause  of  the  tetanoid  manifestations;  the  parenchy- 
matous by  the  majority,  the  vascular  and  meningeal  by  a  few, 
of  the  authors. 

As  regards  first  the  latter  class  of  lesions,  which  were  well- 
marked  in  both  our  cases,  it  will  be  remembered  that  absolutely 
similar  findings  were  described  by  Langhans,  and  especially  by 
Pick,  in  one  of  whose  cases,  it  is  true,  there  existed  clinically  an 
associated  epilepsy. 

As  regards  secondly,  the  former  category  of  lesions,  that  is, 
the  parenchymatous  changes,  one  glance  at  the  synopsis  of  the 
actually  recognized  pathological  anatomy  of  tetany  given  in  the 
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first  part  of  this  article,  suffices,  to  show  ,that  all  the  changes 
therein  specified  are  abundantly  illustrated  in  our  actual  obser- 
vations and  fully  represented  in  the  above  given  summary. 

The  lesions  of  the  spinal  cord,  which  we  had  occasion  to  thor- 
oughly investigate  unfortunately  in  one  case  only,  exhibit  in  the 
most  striking  fashion,  the  closest  analogy  with  those  described 
more  particularly  by  Bonome  and  Cervesato.  Similarly  to  these 
observers,  we  found  areas  of  parenchymatous  disintegration  in 
the  central  gray  matter,  which,  in  some  places,  had  resulted  in 
the  production  of  actual  cavities,  or  had  been  replaced  by  newly- 
formed  neurogliar  tissue,  appearing  as  a  meshwork  of  very  fine, 
delicate  and  beaded  fibrillae  possessing  remarkably  poor  staining 
properties.  These  rarefied  areas  closely  resembled  in  every  re- 
spect the  process  observed  in  poliomyelitis,  as  has  already  been 
discussed.  Although  disseminated  throughout  the  cord,  these 
various  changes  were  most  pronounced  in  the  lower  cervical  and 
in  the  lumbo-sacral  segments;  with  distribution  corresponds  to 
the  topography  of  the  lesions  observed  in  tetany.  As  in  the  case 
reported  by  Weiss,  the  maximum  implication  of  the  anterior 
horns  is  seen  in  the  lower  cervical  segments  and  involves  mainly 
the  lateral  cell-group,  although  the  process  does  extend  to  the 
intermediate  gray  matter  and  even  to  the  base  of  the  posterior 
horn. 

The  lesions  observed  in  tetany  were  found  mainly  in  the  spinal 
cord,  and  again  more  especially  at  the  level  of  its  cervical  and 
lumbar  enlargements ;  but  a  fact  not  to  be  forgotten  and  which 
can  certainly  find  application  in  this  particular  instance,  is,  that 
many  observers,  anticipating  the  presence  of  lesions  the  seat  of 
which  they  had  based  on  clinical  calculations,  either  examined 
the  cord  alone  or  else  even  limited  their  investigations  to  the 
cervical  and  lumbar  regions.  In  the  cases  observed  and  well- 
described  by  Ferranini,  the  changes  were  most  pronounced  in 
the  medulla  and  in  the  cervical  cord ;  in  the  lower  region  of  the 
spinal  cord,  they  were  especially  prominent  n  the  vicinity  of  the 
vesicular  columns  of  Clarke  and  were  often  situated  in  territory 
presenting  vascular  disturbances.  The  latter  details  were  un- 
usually distinct  in  our  own  observations  as  will  be  remembered. 

The  pachymeningitis  and  interstitial  neuritis  described  by 
Peters,  were  present  in  our  Case  II ;  mention  of  the  former  being 
made  in  the  autopsy  record  which  precedes  the  histologic  descrip- 
tion of  this  case  and  in  which  the  latter  lesion  is  more  fully 
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considered.  As  in  this  author's  observations,  the  changes  were 
found  more  especially  in  the  lower  cervical  and  upper  dorsal 
regions ;  but  the  neuritic  process  was  not  confined  to  the  extra- 
medullary  segment  of  the  spinal  nerve-roots,  involving  the  intra- 
medullary portion  as  well.  It  is  well  to  state  however,  that  in  Case 
VII  reported  by  Peters,  extravasations  in  the  course  of  the  arteria 
spinalis  anterior  were  observed,  as  well  as  degenerated  foci  in 
the  posterior  horns ;  lesions  which  were  present  in  Case  II  herein 
reported  and  upon  which  we  have  dwelt  sufficiently  already. 
Peculiarly  enough,  as  we  glance  over  all  the  facts  brought  out 
by  this  comparative  analysis,  we  find  that  the  joint-lesions  of  our 
two  cases  include  practically  all  the  changes  described  in  tetany 
by  the  different  authors  whose  observations  are  on  record. 

As  regards  further  points  of  comparison  between  the  cases  of 
tetany,  which  we  have  analyzed  and  our  present  observations, 
the  fact  should  be  mentioned  that  in  two  out  of  the  seven  cases 
reported  by  Peters,  a  marked  internal  hydrocephalus  co-existed, 
and  the  gray  matter  beneath  the  floor  of  the  fourth  ventricle  was 
the  seat  of  distinct  vascular  changes:  perivascular  agglomera- 
tions of  multinuclear  leucocytes,  even  hemorrhages  between 
ganglion-cells.  Both  these  cases,  in  our  opinion,  can  hardly  be 
classed  imder  the  head  of  tetany,  and  we  have  grave  doubts  as 
to  whether  in  these  cases,  the  clinical  manifestations  were  not  the 
result  of  the  ventricular  lesions.  The  author  states  moreover, 
that  he  found  by  lumbar  puncture  an  increase  in  the  amount  of 
cerebro-spinal  fluid  in  most  cases  of  tetany ;  a  fact  which  we  con- 
sider to  be  fairly  good  indication  that  choroid,  that  is,  ventricular 
changes,  though  slight  perhaps,  existed. 

Marfan,  among  others,  has  called  attention  to  the  peculiar  teta- 
noid syndrome  induced  by  internal  hydrocephalus,  and  desig- 
nated these  cases  by  the  term  "  tetaniform  rigidity."  D'Espine 
reported  similar  instances  under  the  name  of  "pseudo-tetanus." 

Coming  back  to  our  original  proposition,  namely,  the  ease  with 
which  the  spasmodic  affections,  of  cerebral  origin,  of  infancy  and 
early  childhood  are  confounded  with  true  tetany,  which,  thus 
far,  is  considered  to  be  associated  with  lesions  situated  essentially 
in  the  spinal  cord — it  seems  to  us  that  the  anatomic  reason  of 
this  clinical  difficulty  has  become  plainly  evident. 

We  have  seen  first,  that  the  lesions  described  in  connection 
with  tetany,  whatever  diversity  there  existed  between  the  dif- 
ferent observers  as  regards  both  the  seat  and  intensity  of  these 
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changes,  were,  in  almost  every  respect,  analogous  to  those  asso- 
ciated with  the  various  forms  of  cerebral  palsy  of  childhood. 

In  the  next  place,  we  learned  that  cellular  and  interstitial 
alterations  absolutely  similar  to  those  ascribed  to  the  anatomic 
substratum  of  tetany,  were  capable  of  being  determined  by  a 
whole  series  of  toxic  substances,  so  that,  the  primary  factor  con- 
cerned in  the  etiology  of  this  disease  was  unquestionably  some 
poisonous  principle  of  varying  character  and  derivation,  freely 
circulating  in  the  system;  a  view,  moreover,  which  is  rapidly 
becoming  universally  adopted. 

In  order  then,  to  fully  harmonize  these  various  facts  and  to 
substantiate  our  hypothesis  that  the  anatomic  mechanism  of  the 
symptom  "  spastic  rigidity  "  conmion  to  both  tetany  and  cerebral 
palsy  in  childhood,  is  identical  in  both,  there  remains  but  to  show 
that  the  latter  affection  is  itself  of  toxic  origin,  and  to  explain 
the  difference  (only  partial  however)  in  the  topography  of  the 
lesions  in  the  two  diseases. 

As  regards  the  toxic  origin  of  the  various  lesions  observed  in 
cases  of  cerebral  palsy,  it  hardly  seems  necessary  to  recall:  the 
results  of  the  investigations  of  such  authorities  as:  Striimpell, 
Benedikt  and  Vizioli,  Marie,  Batten,  who  have  demonstrated  that 
an  infectious  encephalitis  is,  in  many  cases,  the  initial  underlying 
process;  the  not  infrequent  association  of  hereditary  syphilis 
brought  out  by  Erlenmeyer,  Osier,  Koenig,  etc.;  finally,  as  re- 
gards those  cases  whose  onset  is  extrauterine,  the  so  frequent 
occurrence  of  cerebral  palsy  following  the  various  acute  infec- 
tious diseases  of  childhood. 

As  to  the  divergence  between  tetany  and  cerebral  palsy  with 
regard  to  seat  of  lesion,  we  maintain  that  it  is  only  partial,  more 
apparent  than  real.  The  existence  in  the  former  of  lesions  of 
the  brain-stem  has  already  been  referred  to,  and  more  careful 
and  exhaustive  investigation  in  the  future  will  probably  furnish 
additional  instances.  The  changes  in  the  nervous  system  in  the 
latter  affection  moreover,  are  not  confined  to  the  brain  and  brain- 
stem; medullary  lesions  have  been  described  by  a  number  of 
authors.  They  were  very  distinctly  present  in  the  cases  herein 
reported.  Then,  the  very  different  circumstances  under  which 
tetany  and  the  congenital  forms,  more  especially,  of  cerebral 
palsy  develop,  must  play  some  part  in  the  determination  of  the 
seat  of  lesion;  it  would  seem  that  the  mere  question  of  gravity 
might  have  some  influence  in  localizing  over  the  hemispheric  con- 
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vexity,  the  processes  which  take  place  during  the  latter  months 
of  gestation. 

More  important  than  differences  in  topography,  are  the  very 
appreciable  differences  in  intensity,  which  exist  between  the 
changes  underlying  the  manifestations  of  tetany  and  those  asso- 
ciated with  the  more  severe  clinical  picture  of  cerebral  palsy; 
and  here  there  would  be  abundant  room  for  further  discussion. 
In  attempting  to  explain  even  this  major  point  of  divergence, 
however,  we  shall  confine  ourselves  to  the  following  remark:  if 
well-marked  cellular  and  interstitial  changes  are  produced  by 
poisons  in  extra-uterine  life,  how  much  greater  are  not  their 
chances  of  occurring  in  intra-uterine  life,  and  how  much  more 
intense  will  they  not  be  in  the  latter  case,  the  toxic  agent  acting, 
as  it  does,  during  the  very  initial  stage  of  development  upon 
delicate  struggling  cells,  and  furthermore  exercising  its  dwarf- 
ing influence  uninterruptedly  during  the  entire  later  course  of 
gestation  ? 

Anatomo-clinical  Conclusion's. 

1.  A  large  number  of  toxic  products,  whatever  may  be  their 
nature  and  origin,  are  capable  of  producing  cellular  and  inter- 
stitial changes  in  the  parenchyma  of  the  central  nervous  system. 
Many  of  them  are  susceptible  of  further  giving  rise  to  tetany 
of  a  more  or  less  complete  type.  They  do  not  necessarily  do  so, 
and  those  which  most  frequently  are  associated  with  the  develop- 
ment of  tetany,  are  not  so  under  any  or  all  circumstances.  There 
is  here,  probably,  a  question  of  degree  both  in  the  intensity  and 
in  the  duration  of  the  irritative  process,  as  well  as  one  of  varia- 
tion in  the  susceptibility  or  resistance  of  the  individual. 

2.  Tetany  actually  possesses  probably  no  characteristic  anato- 
mic substratum;  the  lesions  regarded  as  pathognomonic  of  it, 
merely  representing  the  reaction  of  nervous  parenchyma  to  the 
irritating  influence  of  an  existing  toxemia.  The  changes  may 
take  place  without  determining  tetanoid  manifestations,  just  as 
the  latter  are  capable  of  developing  in  the  absence  of  any  ap- 
preciable alteration  of  the  central  gray  matter;  which,  however, 
is  not  proof  positive  that  some  changes  do  not  exist.  Our  actual 
methods  may  simply  be  inadequate  to  their  detection. 

3.  Spastic  rigidity,  whether  symptomatic  of  some  well-defined 
nervous  affection  or  appearing  as  an  isolated  clinical  manifesta- 
tion, is  the  result,  in  our  estimation,  of  a  vitiated  or  disordered 
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innervation  of,  or  impulse-transmission  to,  the  peripheral  motor 
neuron;  which  may  be  dependent  either  (a)  upon  irritation  or 
partial  (not  complete)  destruction  of  the  central  motor  neuron, 
in  any  part  of  its  course  from  the  Rolandic  cortex  to  its  point 
of  arborization  about  the  multipolar  nerve-cells  of  the  anterior 
horns  of  the  spinal  cord;  or,  (b)  upon  inhibition  or  loss  of  func- 
tion of  the  cordinating  centers  of  the  spinal  cord,  situated  in 
all  probability  (the  fact  not  being  yet  proved  although  admitted 
almost  universally  as  most  probable)  in  the  intermediate  gray 
matter.  The  latter  mechanism  is  realized  in  tetany,  being  given 
the  seat  of  lesion,  which,  it  will  be  remembered  is  in  the  central 
gray  matter,  involving  to  a  greater  or  lesser  extent  the  anterior 
horns,  but  never  completely  so.  Such  a  lesion  by  destroying 
certain  groups  of  cells  would  interfere  with  readjustment  of 
stimuli,  which  would  then  react,  unmodified  and  improperly 
qualified,  upon  the  anterior  motor  groups.  In  other  words,  the 
various  peripheral  stimuli  entering  by  way  of  the  posterior  nerve- 
roots,  would  be  continued  by  means  of  the  various  reflex  and  other 
collaterals  uninterruptedly  into  the  immediate  pericellular  fields 
of  the  multipolar  nerve-cells,  and  might  even  be  intensified  if 
the  conducting  collaterals  traversed  areas  where  they  were  sub- 
jected to  irritation.  Moreover,  in  such  cases,  involvement  of  the 
terminal  ramifications  of  the  central  motor  neuron,  just  previous 
to  their  contact  with  the  multipolar  nerve-cell  or  its  dentrites, 
would  be  very  easily  realized.  Extra-medullary  or  meningeal 
lesions  may,  under  certain  circumstances,  disturb  the  normal 
transmission  of  impulses  sufficiently  to  produce  the  same  phe- 
nomenon; probably  less  of  themselves,  than  on  account  of  the 
secondary  disturbances  which  they  determine  in  the  cord  (com- 
pression, vascular  disorders,  etc.). 

4.  Spastic  rigidity  may  be  either  very  marked  or  very  slight, 
with  all  intermediate  degrees  of  severity;  likewise,  it  may  be 
either  continuous  or  paroxysmal.  In  order  to  interpret  the 
mechanism  of  production  in  each  case,  it  is  not  necessary  to 
invoke  duality  of  lesion.  Personally,  we  are  of  the  opinion,  that 
in  its  relation  to  variations  in  the  severity  and  in  the  duration  of 
the  clinical  symptom  which  it  determines,  the  lesion  exhibits 
directly  proportionate  variations  both  in  intensity  and  in  extent. 
We  would  readily  conceive  that  an  actual  focus  of  myelomalacia, 
or  a  progressive  sclerosis,  would  give  rise  clinically  to  persistent 
phenomena,  whereas  transitory  vascular  disorders  like  conges- 
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tion  and  oedema,  would  produce  equally  transitory  or  paroxysmal 
manifestations,  the  repetitions  of  which  would  be  as  irregular  in 
every  respect  as  we  know  the  underlying  circulatory  disturbances 
to  be. 

5.  Not  much  lesser  in  importance  than  the  meningeal  localiza- 
tion, as  a  seat  of  lesion  likely  to  produce  spastic  manifestations^ 
is  the  central  griseum  surrounding  the  Sylvian  aqueduct,  the 
cavity  of  the  fourth  ventricle  and  the  central  canal  of  the  spinal 
cord.  The  effect  of  irritative  meningeal  processes  is  pretty  gen- 
erally admitted,  but  the  similar  influence  of  ventricular  or  peri- 
ventricular lesions  has  not  yet  gained,  we  believe,  the  full  recog- 
nition which  it  deserves. 

6.  Internal  hydrocephalus,  unapparent  or  inappreciable  clinic- 
ally is  not  particularly  uncommon  in  infants  and  young  children. 
Why  it  should  not  in  certain  instances  produce  the  characteristic 
enlargement  of  the  head,  when,  as  is  often  the  case,  the  ventric- 
ular dilatation  is  extreme,  and  although  the  fontanelles  are  still 
open  and  the  sutures  unossified,  is  not  clear;  no  plausible  ex- 
planation has  yet  been  furnished  of  this  singular  pathdogic 
anomaly.  Such  cases  are  naturally  difficult  of  diagnosis,  and 
the  frequent  occurrence  of  marked  optic  changes  and  often  of 
local  manifestations  as  well,  leads  usually  to  the  diagnosis  of 
cerebral  tumor.  When  this  group  of  symptoms  presents  in 
children  under  one  year,  however,  the  possibility  of  a  latent 
internal  hydrocephalus  should  always  be  considered. 

Collateral  or  Extrinsic  Anatomic  Conclusions. 

1.  A  fair  proportion  of  the  fibres  which  enter  into  the  con- 
stitution of  the  cerebello-olivary  system  take  their  origin  from 
the  inferior  dive. 

2.  The  constituent  fibres  of  the  brachium  pontis,  as  could  be 
seen  from  the  foregoing  study  of  an  instance  where  this  struc- 
ture is  absent  on  one  side,  follow  a  course,  from  above  down- 
ward, which  is  analogous  to  that  of  the  fibres  of  the  middle 
segment  or  body  of  the  corpus  callosum.  That  is,  they  do  not 
associate  symmetrically  placed  territories  of  the  pons  and  cere- 
bellum. 

3.  Although  not  conclusively  demonstrable  simply  from  the 
actual  observation,  we  may  assume  the  probable  existence  in  man 
of  the  rubro-spinal  tract  of  von  Monakow. 
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4.  The  presence  in  the  root-£as(piculi  of  the  auditory  nerve  of 
a  certain  proportion  of  fibres  derived  from  the  central  acoustic 
nuclei,  would  seem  extremely  probable  from  the  study  of  Case  I. 
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BRAIN   ABSCESS    IN    RELATION   TO    SUPPURATIVE 
MENINGITIS,  WITH  REPORT  OF  A  CASE. 
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Plate  III. 

INTRODUCTION. 

One  is  somewhat  surprised  in  looking  over  the  literature  to  find 
what  a  meagre  attention  is  given  to  the  question  of  cerebral  ab- 
scess in  association  with  suppurative  meningitis,  this  being  all  the 
more  striking  inasmuch  as  the  literature  of  each  is  very  volumi- 
nous. About  170  articles  were  analyzed  for  this  paper  and 
only  comparatively  few  references  to  such  association  were  found. 

The  case  presented  here  having  appeared  to  us  of  more  in- 
terest from  the  standpoint  of  the  pathology  of  brain  abscess, 
we  have  ventured  to  give  more  consideration  to  this  side  of  the 
literature  than  to  that  of  suppurative  meningitis,  though  the  two 
from  our  analyses  appear  more  or  less  inseparable.  Before  giv- 
ing a  detailed  description,  therefore,  of  this  case  it  would  seem 
well  to  briefly  analyse  the  data  which  writers  have  contributed  to 
this  chapter  of  pathobgy. 

PATHS  OF   INFECTION. 

MacEwen  emphasizes  the  close  association  of  abscess  with 
meningitis.  According  to  his  exhaustive  consideration  of  this 
phase  of  the  subject,  abscess  almost  never  occurs  without  some 
form  or  grade  of  meningitic  involvement.  The  abscesses  which 
result  from  infections  of  the  middle  ear  include  by  far  the  greater 
number  according  to  all  authors,  and  MacEwen  considers  that 
seldom  is  there  abscess  resulting  from  this  cause  that  does  not 
involve  the  meninges  in  a  suppurative  process  to  some  degree 
in  its  course  inward.  His  classification  of  the  cranial  causes  with 
their  processes  includes  the  formation  of  extradural  abscess 
associated  with  chronic  infections  of  the  base  of  the  skull.  In 
this  connection  the  question  arises  as  to  whether  or  not  many 
of  the  cases  occurring  in  the  literature,  as  well  as  those  not  re- 
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ported  and  which  are  recorded  in  the  class  of  the  suppurative 
meningitides,  may  not  have  been  more  properly  placed  among 
the  cases  of  extradural  abscess.  There  is  a  distinct  process  in 
all  these  cases  walling  off  the  focus  of  infection  into  the  meninges 
with  a  consequent  abscess  or  meningitis  or  both. 

Further  extension,  he  declares,  Will  certainly  produce  lepto- 
meningitis with  superficial  cerebral  softening,  necrosis  or  ulcera- 
tion which  is  well  localized.  Assuming  an  exacerbation  or  fresh 
secondary  infection  at  this  point,  there  results  generally  a  diffuse, 
acute  leptomeningitis.  Still  further  extension  without  any  neces- 
sary freshening  or  aggravation  of  the  infection  results  in  more 
or  less  extensive  abscess  formation.  He  mentions  also  the 
hematogenous  or  idiopathic  abscesses  in  which  no  path  of  direct 
extension  can  be  traced  and  believes  that  the  abscess  in  these 
cases  may  be  formed  in  five  different  ways,  namely : 

1.  Thrombotic  extension. 

2.  Retrograde  embolism  from  infected  sinus  thrombosis,  or  the 
**  reflex  method  of  propagation." 

3.  Direct  extension  by  perivascular  sheaths. 

4.  True  infective  arterial  embolism  or  thrombosis. 

5.  Occlusion  of  a  large  arterial  branch,  with  infarction. 

He  also  adds  the  possibility  of  propagation  by  the  Ijrmphatics 
and  perineural  sheaths,  in  which  latter  case  meningitis  is  most  apt 
to  be  associated. 

Bramwell  considers  in  detail  only  the  possible  paths  in  abscess 
resulting  from  otitis  and  remarks  that,  from  the  general  literature 
on  the  subject,  they  may  be  divided  into  (a)  the  small  communi- 
cating veins  between  the  ear  and  the  petrosal  and  lateral  sinuses 
and  the  cerebral  tissue;  and  (fc)  the  l)rmphatics  about  the  blood 
vessels.  For  his  own  part  he  advances  the  theory  that  the  cause 
is  by  direct  extension  throughout,  the  bone  lesions  causing  a 
contiguous  meningitis  and  this,  in  turn,  giving  rise  to  abscess. 
He,  however,  gives  great  prominence  to  the  propagation  by  the 
venous  paths  as  well. 

Gowers  mentions  that  external  injury  may  cause  abscess  with- 
out the  interposition  of  any  secondary  meningitic  process,  prob- 
ably an  intercurrent,  secondary  infection  following  hard  upon 
the  cerebral  contusion,  though  it  is  most  frequently  propagated 
by  way  of  bone  lesions,  meningitis,  etc.,  by  direct  extension. 

Uchermann's  twelve  cases  of  otitic  brain  abscess  which  yielded 
nine  autopsies  showed  five  cases  with  extension  through  the 
n 
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bone;  three  cases,  two  of  which  were  cerebellar,  apparently  set 
up  by  infective  sinus  thrombosis;  one  case  of  direct  extensicHi 
from  labyrinthine  suppuration. 

Miles  cites  a  case  in  a  man  twenty-two  years  of  age  with 
abscess  in  the  left  temporo-sphenoidal  lobe  trailing  off  into  the 
second  and  third  convolutions  and  which  was  associated  with  a 
three  months'  otorrhea.  The  course  of  infection  seemed  at 
autopsy  to  be: 

1.  Extension  to  the  mastoid  antrum  with  involvement  of  the 
facial  nerve. 

2.  Extension  by  the  superior  semicircular  canal  to  the  surface 
of  the  petrous  bone  and  thence  to  the  dura  and  cerebnun. 

3.  Primary  involvement  (abscess)  of  the  temporal  lobe. 

4.  Secondary  abscesses  extending  thence  to  the  external  cap- 
sule and  the  lenticular  nucleus. 

f 

ASSOCIATED  LESIONS. 

MacEwen  gives  in  detail  the  lesions  associated  with  or  giving 
rise  to  abscess.  He  enumerates  (a)  punctured  wounds  pene- 
trating the  bone  causing  abscess  by  direct  extension,  (b)  punc- 
tured fractures,  (c)  compound  fractures  with  large  opca 
wounds,  not  likely  to  eventuate  in  abscess,  (d)  contra-coup, 
(e)  infected  injury  without  fracture  extending  by  vascular  or 
perivascular  paths,  (/)  infective  necrosis  of  skull  without 
fracture,  a  rare  condition,  extending  quickly  by  means  of  extra- 
dural abscess  to  subdural  and  cerebral  abscess,  (g)  affections 
of  the  face  and  scalp,  such  as  erysipelas,  which  seld(Mn  lead  to 
abscess  except  by  infective  thrombosis  and  (A)  middle  car 
lesions.  Under  this  last  heading  he  gives  a  very  thorough  dis- 
cussion of  the  possibilities,  probabilities  and  undisputed  facts. 
He  emphasizes  the  fact  that  acute  affections  seldom  pass  to  the 
interior  of  the  skull  save  when  an  infective  thrombosis  is  set 
up,  in  general  the  chronic  cases  alone  passing  inward  with  aa 
intermediate  meningitis.  The  unfused  sutures  of  the  immature 
skull  with  the  comparative  ease  of  ingress  to  infection  which 
they  offer  may  be  taken,  he  thinks,  as  an  explanation  of  the 
relatively  large  number  of  individuals  between  the  age  of  ten  and 
twenty  who  develop  cerebral  abscess. 

Bramwell  concurs  in  most  of  these  views.  He  mentions 
especially  that  in  cases  directly  associated  with  otitis  media  ose 
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should  really  look  back  to  the  acute  exanthem  which  caused  the 
ear  disease.  Bramwell  inclines  to  give  much  less  etiologic  value 
to  punctured  wounds  of  the  brain  than  does  MacEwen. 

Gowers  sums  all  these  associations  up  in  two  classes,  (i)^ 
"  near  "  and  (2)  *'  distant."  He  mentions  also  a  number  of  cases 
which  occur  without  any  demonstrable  associated  lesion  whatever^ 
Of  241  cases  in  one  series,  seventy  per  cent,  are  due  to  "  near '' 
causes  and  thirty  per  cent,  equally  divided  between  "  distant "' 
causes  and  cases  where  no  associated  lesion  can  be  found.  Of  the 
"  near  "  processes,  forty-two  and  five-tenths  per  cent,  are  otitis^ 
twenty- four  per  cent,  injury  and  three  and  five-tenths  per  cent^ 
diseases  of  the  nose  and  orbit,  non-traumatic  caries,  tumors,  etc.. 
Of  the  distant  associations  he  places  pyemia  in  a  position  of  very, 
secondary  importance. 

He  refers  to  two  cases^  in  the  literature  of  association  with 
thrush  in  which  the  organism,  oidium  albicans,  was  isolated  from 
the  abscesses.  We  have  found  one  other  such  case*  in  the 
literature. 

Traumatic  associations  in  the  great  majority  of  cases  occur 
before  the  age  of  twenty,  while  in  pyemia  the  reverse  holds  true 
to  even  a  greater  extent. 

Cerebellar  abscess  develops  almost  exclusively  with  otitis  and 
distant  sepsis. 

StoU  reports  five  cases  in  which  three  were  associated  withi 
otitis  (one  of  which  was  acute),  one  had  traumatic  association* 
and  one  had  no  association  and  no  tangible  history  save  indefinite 
cough,  night  sweats  and  expectoration. 

Heimann  reports  that  of  819  otogenous  abscesses  almost  one- 
half  were  associated  with  meningitis;  other  most  frequent 
complications  were  sinus  thrombosis  and  extra-dural  abscess. 


LOCATION. 

MacEwen  states  that  the  great  majority  of  abscesses  are 
located  in  the  white  matter  and  that  the  cerebrum  is  four  times 
as  often  the  seat  of  abscess  as  the  cerebellum.  With  injury  they 
are  most  apt  to  be  in  the  frontal  and  parietal  lobes.  When  as- 
sociated with  otitis,  the  seat  of  election  is  either  the  temporo- 


'Ribberth,  BirL  k!in,   Woch.,  Vol   XVI,  No.   4.   Oct.    13,   1879,  p.  617.     Zenker., 
Bericht  d.  Geaellsch.  f.  Natar  u.  Heilk.,  Dreideii.  1861-62. 
•Wigner,  Jokrh,  f,  Kinderhtilh,,  Vol.  I,  p.  56. 
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sphenoidal  lobe  or  the  cerebellum.  In  pyemia  they  may  be  any- 
where, but  the  majority  of  cases  are  in  the  occipital  lobe.  He 
accepts  Gowers's  statistics  given  below. 

Bramwell  states  that  seventy-five  per  cent,  are  in  the  cerebral 
hemispheres,  generally  in  the  temporo-sphenoidal  lobe,  and  that 
some  are  located  in  the  pons  or  medulla.  They  are  somewhat 
more  frequent  in  the  right  side.  When  due  to  ear  disease  they 
are  homolateral  and  generally  in  the  spheno-temporal  lobe  or 
lateral  cerebellar  lobe.  In  these  cases  of  otitis,  tjrmpanic  involve- 
ment is  usually  associated  with  abscess  of  the  spheno-temporal 
lobe  and  mastoid  or  external  ear  disease,  on  the  other  hand,  with 
that  in  the  cerebellum.  In  pyemia  abscess  may  be  either  cerebral, 
cerebellar  or  both ;  rarely,  however,  in  the  cerebellum  alone.  In 
trauma  the  abscess  localizes  beneath  the  seat  of  injury  as  a  rule. 

Gowers  gives  the  most  frequent  location  as  the  cerebral  or 
cerebellar  hemispheres,  very  rarely  the  perns,  medulla  or  middle 
cerebellar  lobe  and  least  frequent  of  all  the  central  ganglia. 

Of  231  cases  the  locations  were: 

Cerebrum    186 

Cerebellum  41 

Pons.    3 

Medulla  i 

In  56  cases: 

Right  Left 

From  injury    22      15 

From  nasal  disease  7        i 

From  orbital  disease   3    •    o 

From  caries  other  than  in  the  temporal  bones i        i 

Stoirs  five  cases  showed  two  right  and  three  left ;  two  parietal, 
two  spheno-temporal,  one  frontal. 

Woodward  reports  a  case  of  cerebellar  abscess  associated  with 
persistent  otorrhea.  There  was  purulent  pachymeningitis  over 
the  posterior  surface  of  the  petrous  portion  of  the  left  temporal 
bone  extending  from  the  internal  auditory  meatus  to  the  sigmoid 
groove.  The  bone  under  this  was  carious.  The  cerebellum 
where  contiguous  to  this  area  was  superficially  soft,  discolored 
and  necrotic  near  the  sigmoid  sinus.  Continuous  with  this  area 
of  necrosis  was  a  large  abscess  cavity  filled  with  fetid  pus  and 
bound  by  soft,  necrotic  cortical  substance,  the  whole  white  mat- 
ter of  the  entire  left  lobe  having  disintegrated. 


Digitized  by  VjOOQ IC 


LA   SALLE  ARCHAMBAULT   AND  H.   P.   SAWYER  1 29 

Heimann,  from  his  819  cases^  concludes  that  abscess  occurs 
two  to  three  times  as  frequently  in  the  cerebrum  as  in  the  cere- 
bellum and  that  the  seat  of  election  is  most  often  in  the  spheno- 
temporal  lobes  with  the  least  number  in  the  frontal,  and  occasion- 
ally, in  the  occipital  either  alone  or  with  temporal  involvement. 

Uchermann  reports  twelve  cases  of  otitic  brain  abscess  of  which 
six  were  on  the  left  and  five  on  the  right ;  nine  were  in  the  tem- 
poral lobe  and  two  in  the  cerebellum. 

MISCELLANEOUS. 

Bilrowicz,  out  of  twelve  cases,  finds  seven  associated  with  otitis 
and  five  with  trauma.  Three  of  these  were  complicated  by  menin- 
gitis from  the  beginning. 

V.  Magendorf  reports  a  case  of  empyema  of  the  antrum  of 
Highmore  secondary  to  operation  for  supposed  neoplasm.  Au- 
topsy revealed  a  circumscribed  purulent  meningitis  with  abscess 
of  the  left  temporal  lobe,  greatly  thinned  cortex  with  a  crater- 
like opening  at  the  anterior  extremity  of  the  gyrus  hippocampi 
and  touching  the  gyrus  fusiforme.  In  several  operative  cases 
which  came  to  autopsy  the  abscesses  reached  nearly  to  the  dura 
and  in  the  majority  the  dura  was  either  involved  or  was  in  con- 
nection with  the  focus  of  infection  by  means  of  a  fistula. 

Reis  reports  a  case  of  panophthalmitis  resulting  from  trauma 
and  associated  with  abscess  in  the  left  frontal  lobe  in  which  the 
infection  evidently  travelled  by  the  lymph  channels. 

AGE  AND  SEX 

Abscess  may  occur  at  any  age,  according  to  Bramwell,  though 
rarely  before  one  year  or  after  sixty.  The  majority  are  between 
ten  and  thirty.  It  is  more  common  in  males  than  females  in  as 
much  as  the  former  are  more  subject  to  injury.  If  injury  be 
excluded  sex  is  not  a  factor.  It  is  more  frequent  in  the  laboring 
classes  owing,  probably,  to  this  same  factor. 

Gowers  in  his  series  gives  174  males  to  58  females. 

M  P 

From  otitis    , 2    to     i 

From  injury    5    to     i 

From  distant  suppuration  4    to     i 

The  greater  liability  to  abscess  in  males  from  other  causes 
than  trauma  Gowers  finds  hard  to  understand. 
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In  223  cases  the  evidence  according  to  age  is  as  follows: 

1-9    years  24 

10-19  years  48 

20-29  years  72 

30-39  years  29 

40-49  years  26 

50-59  years  16 

€0-69  years  7 

70-      years  *      I 

One-  third  are  in  the  third  decade,  one-fifth  in  the  second  and 
both  together  constitute  over  one-half  of  all  cases. 

Stoll's  five  cases  were  aged  five,  twenty,  twenty-three,  twenty- 
four  and  thirty-three.    There  were  four  males  and  one  female. 

From  his  series  Heimann  gathers  that  brain  abscess  occurs 
most  frequently  in  the  third  decade  but  very  rarely  after  sixty. 
He  gives  a  proportion  of  only  two  males  to  one  female. 

Uchermann's  series  showed  three  in  children  and  eight  in 
adults :  eight  males  and  three  females. 


MULTIPLICITY. 

According  to  MacEwen  multiple  abscesses  are  generally 
pyemic ;  when  due  to  pyemia  two-thirds  of  the  abscesses  are  multi- 
ple. Ninety-three  per  cent,  of  abscesses  associated  with  trauma 
are  single.  Eighty-seven  per  cent,  of  otogenous  abscesses  arc 
single.  Bramwell  and  Gowers  consider  the  great  majority  of  ab- 
scesses to  be  single.  The  latter  gives  four-fifths  of  all  cases  as 
such.  He  finds  nearly  all  traumatic  cases  single  with  slightly 
fewer  single  ones  from  otitis.  Less  than  one-half  are  single 
when  associated  with  distant  suppurations.  One-third  of  pyemic 
abscesses  are  single ;  but  it  seems  to  be  about  as  frequent  to  find 
two,  three  or  many.  One-half  are  in  the  same  hemisphere  and 
when  in  different  hemispheres  accompany  distant  septic  processes 
only.  One-fourth  are  in  the  same  side  of  both  cerebrum  and 
cerebellum.  Less  frequently  there  are  multiple  abscesses  in  the 
cerebrum  with  more  in  the  cerebellum. 

Heimann  also  finds  the  great  majority  of  abscesses  single. 

Uchermann  in  his  series  of  twelve  gives  two  multiple.  One 
showed  three  abscesses  in  the  cerebellum,  the  other  showed  two 
un  the  temporal  lobe. 
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PATHOLOGY  AND  BACTERIOLOGY. 

In  regard  to  the  course  of  the  tissue  changes  at  the  seat  of 
abscess  Gowers  gives  the  first  manifestation  as  one  of  "red 
softening"  simply,  a  condition  analogous  to  the  stage  of  pri- 
mary engorgement  in  pneumonia.  Here  there  is  no  pus  nor  any 
accumulation  of  leucocytes  for  a  considerable  time — ^merely  a 
condition  of  vascular  engorgement  with  redness  and  softening 
of  the  cerebral  tissues,  due,  probably,  to  the  edema  accompany- 
ing the  congestion.  The  further  progress  is  that  of  an  ordinary 
at^cess  formation — ^the  polynuclear  or  round-celled  infiltration, 
the  necrosis  and  breaking  down  of  the  tissues  with  the  formation 
of  pus.  The  contents  of  the  abscess  are  usually  of  a  greenish 
color  and  of  an  extremely  foul  odor,  especially  in  cases  of  long 
standing.  The  size  of  the  cavity  varies  with  the  chronicity  and 
the  intensity  of  infection.  Tending  to  be  irregular  and  some- 
what puckered  in  outline  in  the  early  stages,  the  cavity  becomes 
later  much  larger  and  more  regularly  rounded  in  shape. 

With  chronicity  and  in  direct  proportion  to  it,  as  a  rule,  the 
abscess  becomes  encapsulated.  This  occurs  microscopically  at 
about  the  end  of  the  second  week,  is  rarely  distinct  before  the 
end  of  the  third  week  and  assumes  the  character  of  a  well-defined 
membrane  only  at  the  end  of  the  second  month. 

In  regard  to  the  organisms  in  these  lesions  MacEwen  con- 
siders that  any  specific  organism  for  various  brain  infections  is 
a  question.  Certainly  the  same  organism  may  produce  different 
lesions  depending  on  virulence,  opportunities  of  entrance,  indi- 
vidual resistance,  etc. 

Various  bacteria  of  the  naso-phar)mx  may  enter  by  way  of  the 
Eustachian  tube.  Both  pathogenic  and  saproph3rtic  organisms 
are  found  in  great  numbers.  The  greatest  pre-eminence  is  given 
to  streptococcus  pyogenes  and  staphylococcus  pyogenes  aureus. 
B.  pyogenes  foetidus  and  diplococcus  lanceolatus  have  been 
found.  Both  citreus  and  albus  were  found  in  one  case.  B. 
meningitidis  purulentae  (Eberth)  has  been  isolated  once.  Pyo- 
cyaneus  often  acc<Mnpanies  the  pyogenic  cocci.  Tubercle  bacillus 
once  accompanied  aureus  and  pyogenes  foetidus.  Secondary 
suppurative  arthritis  has  been  caused  through  infection  by  way 
of  the  jugular  vein.  Oidium  albicans  has  been  isolated  in  three 
cases.  This  summary  does  not  include  the  group  of  brain 
abscesses  in  which  various  forms  of  streptothrix  have  been  found. 
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RspmtT  OP  Case. 


Clinical  History, — H.  P.,  male,  nineteen  years  of .  age.  Patient  of 
Dr.  W.  H.  George. 

Family  History. — Negative. 

Past  History. — Usual  illnesses  of  childhood.  Nothing  important 
until  one  year  previous  to  death  when  he  suffered  amputation  of 
both  legs  which  had  been  crushed  in  a  railroad  accident  Never  had 
any  ear  disease  or  any  septic  process  whatever  during  life.  Habits 
were  fair. 

Present  Illness. — About  three  weeks  before  his  death  the  patient 
began  to  complain  of  headache  and  sought  advice.  For  some  time 
previous  (length  not  exactly  known)  he  had  noticed  exceedingly 
drowsy,  stuporous  sensations  which  came  and  went.  He  had  felt 
poorly  in  general  and  his  family  and  the  attending  physician  noticed 
a  decidedly  marked  change  in  temperament.  He  was  morose,  irri- 
table and  peevish.  The  headache  was  constant,  very  distressing  and 
not  localized.    No  other  symptoms. 

Physical  Examination. — Was  negative. 

Clinical  Course. — ^The  patient  grew  slowly  but  steadily  worse. 
Nausea  and  severe  vomiting  (projectile  type)  began  and  were  im- 
possible to  check.  The  headache  increased  rapidly  and  did  not 
respond  to  treatment.  During  the  last  week  the  patient  lay  in  a  stuporous 
or  semi-comatose  state.  Several  days  before  death  the  temperature 
rose  much  higher  than  previously  and  remained  so  until  death.  It 
had  been  high  all  through  the  disease.  Marked  retraction  of  head 
with  stiffness  of  muscles  of  neck  developed  about  this  time.  Con- 
vergent squint  was  noticed.  The  day  before  death  several  convul- 
sions occurred  which  involved  the  whole  body  and  were  clonic  in 
type  as  far  as  could  be  ascertained.     Death  followed  rapidly. 

Absolutely  no  paralysis,  sensory  disturbances  or  other  localizing 
symptoms  were  noted  during  the  disease. 

Inasmuch  as  patient  did  not  enter  a  hospital  but  was  treated  at 
home,  the  clinical  record  is  necessarily  more  scanty  than  could  be 
wished.  The  attending  physician,  to  whose  courtesy  this  history  is 
due,  remembers  especially  the  astonishing  lack  of  any  suppurative 
process  whatever  which  might  be  considered  primary  to  the  cranial 
conditions  found  at  autopsy  although  most  diligent  search  was  made 
both  during  life  and  at  the  autopsy. 

Autopsy  Notes. — (Bender  Laboratory  Records,  Autopsy  No.  442), 
made  by  Dr.  Blumer  four  and  one-half  hours  after  death,  November 
17,  1901. 

Body  of  a  moderately  strongly  built  but  considerably  emaciated 
man.  Both  legs  amputated,  left  at  the  upper  third  of  the  thigh,  right 
at  upper  third  of  tibia.  Unusual  sternal  prominence  just  above  the 
xiphoid  cartilage.     Subcutaneous  fat  almost  absent. 
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The  peritoneal  cavity  is  dry.  Omentum  normal.  Appendix  passes 
over  pelvic  brim  and  has  a  mesentery  to  the  tip.  Foramen  of  Winslow 
open. 

Diaphragm. — Right  side,  fifth  rib;  left  side,  fifth  rib. 

Costal  Cartilages. — Not  ossified. 

Lungs. — Collapse  on  opening  chest.  Pleural  cavities  empty.  What 
appears  to  be  the  remains  of  a  thjrmus  gland  is  present  and  dotted 
with  grey  nodules  which  do  not  look  like  tubercles. 

Pericardial  Cavity. — Negative. 

Heart. — Negative  with  the  exception  of  slight  pallor  of  the  muscula- 
ture.   Foramen  ovale  closed.    Coronary  arteries  are  normal. 

Left  Lung. — Bronchial  glands  enlarged  and  contain  one  or  two 
calcareous  nodules.     No  adhesions.    Slight  hypostatic  congestion. 

Right  Lung. — No  adhesions.  Hypostatic  congestion  of  lower  lobe. 
A  few  slightly  elevated  areas  suggestive  of  very  early  broncho- 
pneumonia. 

Spleen. — Negative. 

Liver. — Decreased  in  consistency.    Markedly  cloudy  on  section. 

Gall-bladder. — Distended  with  bile.     Normal  in  appearance. 

Kidneys  and  Adrenals. — Negative  except  for  well-marked  cloudy 
swelling. 

Testicles. — N  egati  ve. 

Pancreas. — Negative. 

Intestine. — Negative. 

Head. — Scalp  and  calvarium  normal.  Convolutions  plainly  visible  through 
the  dura,  the  latter  being  apparently  normal.  Superior  longitudinal 
sinus  empty.  Pia  does  not  appear  congested,  but  extending  up  the 
Sylvian  fissure  following  the  course  of  the  blood  vessels  there  is  a 
narrow  tract  of  purulent  infiltration.  On  removing  the  brain,  the 
pia  and  acachnoid  are  thickly  infiltrated  with  greenish-yellow  pus  over 
the  area  where  they  envelop  the  crura  cerebri,  the  pons,  medulla 
and  ventral  surface  of  medulla.  Brain  not  opened  but  hardened 
entire. 

Cord. — Not  examined. 

Anatomical  Diagnosis. — Purulent  basal  leptomeningitis  of  uncertain 
origin.  Hypostatic  congestion  of  the  lungs  with  early  hypostatic 
broncho-pneumonia  in  the  right  lung.  Cloudy  swelling  of  the  liver 
and  kidneys. 


MACROSCOPIC  DESCRIPTION  OF  BRAIN  AFTER  HARDENING. 

Examination  of  the  brain  reveals  in  the  first  place  the  existence 
of  a  well-marked  and  extensive  suppurative  leptomeningitis  in- 
volving both  base  and  convexity,  but  the  latter  to  a  greater  extent. 
The  process  is  bilateral  but  is  somewhat  more  intense  on  the  left 
side.    At  the  base,  the  exudate  is  most  abundant  in  the  domain  of 
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the  interpeduncular  space  and  surrotmds  on  all  sides  the  optic 
chiasm  which  it  partly  covers  as  a  thick  opaque  membrane  which 
is  continued  further  forward  and  bridges  over  the  interval  be- 
tween the  two  dfactory  tracts,  thus  filling  in  the  interfrontal  seg- 
ment of  the  inferior  longitudinal  fissure.  Behind  the  crura  cerebri, 
it  extends  slightly  over  the  ventral  surface  of  the  Pons  Varolii 
but  especially  invades  the  receding  angle  of  the  p<Mito-cerebellar 
junction  and  from  there  spreads  over  the  inferior  surface,  mar- 
gins and  mesialportion  of  the  superior  surface  (vermis  superior) 
of  the  cerebellum.  From  the  interpeduncular  space,  the  exudate 
also  extends  laterally  on  either  side,  filling  the  fossa  Sylvii  and 
extending  along  the  fissure  Sylvii  to  the  lateral  convexity  of  both 
hemispheres.  In  so  doing  it  closely  follows  the  distribution  of 
the  Sylvian  vessels  but  is  not  confined  to  this  region,  invading 
almost  the  entire  convexity.  Nevertheless  the  exudate  is  de- 
cidedly thicker  in  certain  well-defined  regions  (a)  over  the 
parietal  lobes,  (b)  over  the  motor  or  Rolandic  areas.  The  frontal 
lobes  present  lesions  a  degree  less  marked.  The  occipital  lobes 
are  only  mildly  implicated  and  the  temporal  lobes  as  well  as  the 
mesial  surfaces  of  the  hemispheres  are  relatively  totally  free.  The 
most  abundant  patch  of  exudate  is  to  be  found  over  the  left 
hemisphere  where  it  occurs  as  a  very  thick,  broad,  creamy,  yel- 
lowish-white band  which,  starting  below  at  the  bend  of  the 
Sylvian  fissure,  extends  almost  vertically  upward  filling  in  entirely 
the  lower  half  of  the  precentral  sulcus. 

Several  frontal  sections  through  the  cerebral  hemispheres 
reveal  the  presence  of  three  fairly  large  and  sharply  defined, 
apparently  encapsulated  abscesses,  two  of  which  are  situated  in 
the  left,  the  third  in  the  right,  hemisphere. 

The  lesions  in  the  left  hemisphere,  best  seen  in  a  section  pass- 
ing through  the  pole  of  the  temporal  lobes  (see  Plate  III,  Fig.  i), 
occupy  the  deep  white  substance  of  the  second  and  third  frontal 
convolutions  of  which  they  destroy  the  basal  portion  (approxi- 
mately the  posterior  one-third)  of  the  lower  two-thirds  of  the 
ascending  frontal,  slightly  involving  also,  perhaps,  the  most  an- 
terior portion  of  the  ascending  parietal  in  its  lower  third.  Both 
abscesses  are  elliptical  in  shape,  of  about  the  same  dimensions, 
4.5  centimeters  by  2.5  centimeters,  lying  one  immediately  above 
the  other  and  with  their  long  axis  obliquely  transverse.  Although 
in  very  close  proximity  the  two  abscess  cavities  are  entirely 
distinct  (absolutely  independent).    They  are  filled  with  a  thick. 
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Plate  III 

To  Illustrate  Drs.  Archambault  and  Sawyer's  Article  on  "Cerebral  Abscess  as  an 
Associated  Lesion  in  Acute  Purulent  Meningitis." 

Albany  Medical  Annals,  January,  1908 


Fig.  I 


Fig.  a 
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creamy  necrotic  substance  of  a  greenish  color  and  seem  dis- 
tinctly encapsulated  by  a  well-defined,  stratified  and  resistant 
layer.  These  purulent  foci  are  confined  to  the  centrum  ovale 
which  they  have  almost  totally  destroyed  and  respect  entirely 
both  the  basal  ganglia  and  the  cortical  substance,  reaching,  how- 
ever, to  within  about  one  centimeter  from  both.  More  pos- 
teriorly, on  a  section  through  the  genu  of  the  external  capsule, 
there  remains  but  a  circular  cavity  two  by  two  centi- 
meters, situated  in  the  lower  third  of  the  ascending  frontal  con- 
volution and  representing  simply  the  occipital  extension  of  the 
lower  of  the  two  cavities  above  described.  The  posterior  wall 
of  the  cavity  is  plainly  visible,  extending  not  more  than  one  centi- 
meter below  the  surface  level. 

The  abscess  situated  in  the  right  hemisphere  is  only  visible 
on  the  section  through  the  temporal  lobes.  It  measures  two  and 
five-tenths  centimeters  by  one  centimeter,  and  its  long  axis  is 
obliquely  transverse.  Its  aspect  is  totally  different  from  that  of 
the  other  two  owing  in  great  part,  probably,  to  the  fact  that  it 
involves  a  very  different  kind  of  tissue,  being  almost  absolutely 
confined  to  the  basal  ganglia.  It  completely  destroys  the  head 
of  the  caudate  nucleus  and  extends  to  the  upper  portion  of  the 
lenticular  nucleus,  involving  as  it  does  so  a  few  fibres  of  the 
anterior  limb  of  the  internal  capsule,  the  greater  part  of  which, 
however,  together  with  the  lenticular  nucleus,  it  has  displaced 
downward  and  outward.  The  surrounding  centrum  ovale  is  very 
slightly,  if  at  all,  implicated.  The  cavity  of  this  abscess  is  hardly 
more  than  a  linear  slit  between  raised  and  irregular  borders. 
The  general  contours  of  the  focus  are  far  less  regular  than  those 
of  the  two  other  abscesses,  although  a  thick  limiting  capsule  ib 
distinctly  to  be  seen,  but  it  presents  a  puckered  edge  and  is  more- 
over incomplete.  It  is  well-defined  above  and  to  the  inner  side  but 
thin,  jagged  and  interrupted  below  and  to  the  outer  side  where 
the  process  runs  off  into  the  adjacent  tissue  as  an  irregular  ne- 
crotic area  which  infiltrates  the  superior  angle  of  the  lenticular 
nucleus.  The  abscess,  bulging  into  the  lateral  ventricle,  fills  in 
the  space  normally  existing  between  the  head  of  the  caudate 
nucleus  and  the  corpus  callosum  and  deflects  that  septum  pellu- 
cidum  towards  the  opposite  hemisphere.  The  septum  pellucidum 
and  the  roof  of  the  body  of  the  lateral  ventricle  at  this  point  do  not 
seem  intact  but  appear  edematous  and  infiltrated,  covered  with  a 
grayish  membrane  very  suggestive  of  a  purulent  exudate.    The 
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cavity  of  the  third  ventricle  is  itself  partly  filled  with  a  soft  pulpy 
grayish-white  material.  The  choroid  plexuses  about  the  foramen 
of  Monro  are  slightly  swollen  and  granular. 


HISTOLOGIC    DESCRIPTION. 

Blocks   for  microscopic   examination  have  been  taken  from- 
several  regions,  consisting  of  the  cortex  and  subcortex  included 
between  the  abscess  cavity  and  the  external  surface,  so  that  the 
meningeal   lesion,  the   structure  of   the  abscess   wall   and  the 
changes  in  its  intermediate  cortical  gray  matter  could  be  studied. 

In  the  first  place,  as  regards  the  meningitis,  it  is  distinctly 
of  the  purulent  type.  In  the  meshes  of  the  pia  overlying  the  corti- 
cal region  examined,  the  blood  vessels  are,  for  the  most  part^ 
occluded,  being  filled  with  red  blood  cells  among  which  numerous 
black  granules  irregular  in  size  and  shape  are  disseminated  and 
which  evidently  represent  the  products  of  disintegration.  The 
vessel-wall  is  infiltrated  with  small,  round  cells.  In  the  peri- 
vascular sheaths  and  in  the  meshes  of  the  pia,  exfoliated  endothe- 
lial cells,  abundant  blood  pigment  both  amorphous  and  crystalline, 
a  few  granular  cells  and  especially  polymorphonuclear  leucocytes 
are  to  be  seen.  At  several  points  altered  and  obliterated  vessels 
penetrate  into  the  subjacent  cortical  molecular  zone. 

The  Structure  of  the  Abscess. — The  contents  of  the  abscess 
cavity  being  partly  retained  are  seen  to  consist  essentially  of 
polymorphonuclear  leucocytes,  many  of  which  are  disintegrated. 
The  deeper  portion  of  this  central  necrotic  area  is  composed 
of  large  numbers  of  granular  bodies  laden  with  brownish 
granules  and  forming  in  some  places  two  or  three  rows  of  regu- 
larly disposed  cells. 

From  this  point  and  extending  towards  the  surface  three  dis- 
tinct layers  (see  Plate  III,  Fig.  2)  can  be  recognized,  (i)  the  inner 
limiting  zone,  fairly  broad,  made  up  of  newly  formed  connective 
tissue  the  cells  of  which  are  mostly  of  spindle-shaped  variety  but 
containing  a  fair  proportion  of  matured  connective  tissue  and 
through  which  numerous  blood  vessels  and  dense  agglcwnerations 
of  small,  round  cells  are  distributed ;  (2)  the  outer  limiting  layer 
less  fibrillar  in  structure,  again  containing  numerous  blood  vessels 
surrounded  by  thick  agglomerations  of  small,  round  cells  which 
are  much  more  distinct  in  their  morphology  in  this  than  in  the 
preceding  layer.    These  cells  penetrate  into  the  vessel-wall  and 
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also  invade  the  adjoining  parenchyma.  The  lumen  of  most  vessels 
is  occluded  owing  to  the  presence  of  red  cells  and  granular  bodies. 
In  this  layer  regularly-disposed  rows  of  elongated,  elliptical  or 
spindle-shaped  cells,  having  a  finely  granular  matrix  and  the 
nuclei  of  which  are  marginal  and  situated  usually  midway  between 
the  poles  but  often  totally  wanting,  are  observed ;  they  represent 
very  probably  a  modified  and  pathologic  type  of  the  normal  glia 
cell  (the  so-called  umrstformige  Gliazellen  of  the  Germans)  ;  (3) 
more  externally  a  third  or  outermost  zone  is  to  be  seen  which 
is  much  less  well-defined  and  shades  off  into  relatively  normal 
tissue.  Blood  vessels  become  even  less  numerous  and  are  no 
longer  surrounded  by  dense  areas  of  small,  round  cell  infiltration. 
The  typical  structure  of  the  deeper  cortex  can  distinctly  be  made 
out  in  many  places,  although  the  morphologic  details  of  most 
nerve  cells  are  decidedly  indistinct  and  their  structure  generally 
ill-differentiated.  Scattered  throughout  the  peripheral  zone  are 
fairly  numerous  polygonal  ceMs,  fairly  large,  finely  granular  in 
texture  and  possessing  a  small,  centrally-placed,  dot-like  nucleus. 
They  represent  another  pathologic  variety  of  the  glia  cell  and 
correspond  to  what  the  German  have  called  epithelioid  glia  cells. 


CONCLUSIONS. 

Certain  features  of  this  case,  finally,  are  worthy  of  especial 
consideration. 

Regarding,  first,  the  purulent  meningitic  process,  it  is  most 
marked  at  the  base  of  the  brain,  a  rare  situation  for  pther  than 
tuberculous  meningitis. 

The  relative  integrity  of  the  temporal  lobes,  taken  in  connec- 
tion with  the  negative  findings  during  life  and  at  autopsy, 
thoroughly  excludes  the  possibility  of  the  processes  being  otogen- 
ous in  character. 

With  regard  to  the  abscesses,  several  points  of  interest  are 
to  be  noted.  In  the  first  place,  the  abscesses  are  multiple  and 
limited  to  the  cerebral  hemispheres,  two  being  on  the  left  side 
and  one  on  the  right.  This  is  in  one  way  an  unusual  feature  as 
it  is  generally  taught  that  abscesses  are  more  common  in  the 
right  hemisphere,  four  to  one,  according  to  Gowers.  As  to  loca- 
tion, two  of  the  abscesses  are  strictly  limited  to  the  frontal  lobes, 
the  third  one  being  situated  for  the  most  part  in  the  frontal  lobe 
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(ascending  frontal  convolution)  and  invading  the  parietal  lobe 
(ascending  parietal  convolution),  situated  for  the  most  part  in 
the  frontal  and  involving  the  parietal  to  only  a  small  extent.  We 
have  already  seen  that  Heimann  considers  the  frontal  lobe  as 
the  least  frequent  seat  of  involvement.  Then,  again,  the  two 
abscesses  in  the  left  hemisphere  are  strictly  confined  to  the 
centrum  ovale.  The  abscess  in  the  right  hemisphere  is  as  sharply 
limited,  as  we  have  seen,  to  the  basal  ganglia,  destroying  the 
greater  part  of  the  head  of  the  caudate  nucleus  and  the  adjacent 
portion  of  the  lenticular  nucleus.  According  to  Gowers  this  is 
the  rarest  seat  of  abscess  formation.  The  case  reported  by  Miles 
is  the  only  similar  one  we  have  been  able  to  find  in  the  literature. 
Concerning  the  pathogenesis  of  these  multiple  abscesses  we 
possess  practically  no  data  upon  which  to  base  any  logical  course 
of  reasoning  with  regard  to  the  chronological  relation  they  bear 
to  the  meningitis.  The  only  facts  which  can  be  of  any  assistance 
to  us  are  those  relative  to  the  prodromal  stage  of  the  clinical 
picture  and  which,  after  all,  are  of  very  uncertain  significance. 
Still,  feeling  justified  in  according  due  consideration  to  the  obser- 
vations of  the  attending  physician,  according  to  whom  these  pro- 
dromata  undeniably  existed,  it  would  seem  reasonable  to  believe 
that  these  very  manifestations  were  the  clinical  expression  of  a 
latent  process  represented  by  the  abscess  formation.  Another 
factor  which  would  urge  strongly  in  favor  of  this  hypothesis  is 
the  homolateral  preponderance  of  both  meningeal  and  intra- 
cerebral lesions.  Even  more  significant  than  this  is  the  fact  that 
the  most  extensive  area  of  meningitis  directly  overlies  the  point 
of  maximum  abscess  development,  with  however  this  important 
feature,  that  the  intervening  cortex  is  itself  in  no  way  involved 
in  the  actual  lesion.  Finally,  of  more  actual  positive  value  than 
any  other  point  thus  far  considered  is  the  fact  that  all  three 
abscess  cavities  are  distinctly  encapsulated  by  fairly  mature  con- 
nective tissue.  Reasoning  thus  from  this  fact  alone  and  in  view 
of  Gowers's  account  of  the  time  necessary  to  the  production  of 
such  a  capsule,  it  appears  to  us  perfectly  justifiable  to  maintain 
that,  between  two  lesions,  one  represented  by  a  distinctly  acute 
meningitis  and  the  other  by  a  stationary  and  definitely  encapsu- 
lated process,  the  question  of  the  order  in  which  they  have  de- 
veloped can  hardly  remain  a  matter  of  any  grave  doubt. 
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THE    PHYSIOLOGIC    ACTION,    ELIMINATION    AND 

THERAPEUTIC      APPLICATION      OF      SODIUM 

CACODYLATE,  USED  HYPODERMATICALLY.* 

By  spencer  L.  DAWES,  M.D., 

Adjunct  Professor  of  Materia  Medica. 
AND 

HOLMES  C.  JACKSON,  Ph.D., 

Adjunct    Professor   of   Physiologic    Chemistry,  Albany  Medical  College. 

According  to  Burlureaux,*  the  credit  of  the  introduction  of 
sodium  cacodylate  as  a  therapeutic  agent  belongs  to  Gauticr, 
who  on  June  6,  1899,  reported  a  series  of  observations  in  which 
he  (Burlureaux)  assisted.  During  the  succeeding  four  years 
numberless  enthusiastic,  not  to  say  extravagant,  articles  by  Euro- 
pean observers  heralded  the  drug  as  a  desirable  substitute  for 
metallic  arsenic.  On  January  31,  1903,  however,  T.  R.  Frascr* 
gave  the  drug,  so  far  as  English  and  American  clinicians  and 
authors  are  concerned,  its  coup  de  gr&ce,  for,  with  but  one  or 

*  Read  at  the  Eighth  Annual  Meeting  of  the  American  Therapeutic  Society,  Wash- 
ington, May  4»  ^  and  7,  1907.  Published  also  in  the  Journal  of  the  American  Medical 
Association,   1907,  xhriii,  2090. 

*  Sodium  cacodylate,  NaAs(CU«),0„  is  the  sodium  salt  of  cacodylSc  add, 
HAs(CHk),0^  Cacodylic  acid  is  dimethyl-arsenic  acid  derived  from  arsenic  add, 
As0(0H)«,  by  replacing  two  hydroxyl  groups  by  two  methyl  radicles,  forming 
As0(CH«),0H,  also  written  HAs(CH.),0. 

^Cacodylates  de  Sonde,  Bull,  GSn,  de  Thirapeutique,   1901,  dxi,  p.   534. 
*The   Inefficiency  of  the   Di-Sodic-Methyl-Arsenate   as  a  Therapeutic  Agent,   The 
Lancet,   1903,  toI.    154,  p.  304-5. 
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two  exceptions,  all  English  and  American  text-books  on  materia 
medica  deny  the  possibility  of  the  drug,  used  hypodennatically, 
having  either  physiologic  action  or  therapeutic  value.  In  the 
article  alluded  to  Fraser  says: 

"  The  ...  therapeutic  effects  of  arsenic  are  caused  by  its 
pharmacologic  action,  and  if  it  be  so  united  with  other  bodies  as  to 
be  incapable  of  producing  any  pharmacologic  action  or  of  inducing  in 
large  quantities  the  toxic  effects,  it  can  no  longer  be  capable  of  pro- 
ducing the  therapeutic  effects  in  disease  which  are  recognized  effects 
of  arsenic.  If,  therefore,  the  cacodylates  are  so  inert  that  they  may  be 
given  without  producing  any  symptoms  of  the  action  of  arsenic,  it  is 
because  the  arsenic  has  formed  so  firm  and  stable  a  union  that  no 
dissociating  influence  in  the  body  is  able  to  set  free  an  arsenic  ion 
from  the  combination.  They  are  eliminated  in  such  stable  combina- 
tions that  they  fail  to  react  to  the  tests  for  arsenates  or  yield  arsenum 
when  subjected  to  Marsh's  test." 

We  are  able  to  show  that  Fraser's  reasoning  is  based  on  en- 
tirely false  premises,  for  not  only  has  it  a  distinct  pharmacologic 
action  (being  decomposed  in  the  body  and  eliminated  in  the  form 
of  arsenates  by  the  urine,  the  feces,  and  probably  by  the  sweat 
and  the  breath),  and  has  a  toxic  effect,  but  the  urine  of  patients 
under  its  influence  yields  arsenates  and  reacts  to  Marsh's  test. 
It  also  gives  many  of  the  therapeutic  effects  common  to  the 
arsenic  compounds. 

The  experimental  part  of  this  communication  was  undertaken 
with  the  view  of  explaining  the  cause  of  the  many  and  excellent 
clinical  results  which  have  been  obtained  in  the  use  of  sodium 
cacodylate  hypodermatically.  An  attempt  was  made  to  answer 
the  following  questions : 

1.  In  what  form  does  the  arsenic  injected  as  sodium  cacodylate 

BECOME  eliminated,   AND  WHAT  IS   THE   QUANTITATIVE   RELATION  OF   INJEC- 
TION TO  EXCREnON? 

2.  What  are  the  paths  of  excretion  ? 

3.  Is  there  a  TOXIC  dose? 

In  order  to  obtain  an  answer  to  the  first  question,  as  to  the 
fate  of  the  injected  cacodylate,  three  patients  were  given  daily 
hypodermatic  injections  of  varying  amounts,  ranging  from  0.05 
gm.  to  0.2  gm.,  and  the  urine  examined  daily. 

During  the  time  one  patient  was  receiving  0.05  gm.  for  ten 
days  no  arsenic  in  any  form  could  be  detected  in  the  urine.* 

*  Unfortunately,  the  value  of  the  biologic  test  using  penciUium  hrwicank  came 
to  our  notice  too  late  to  be  taken  advantage  of,  but  we  intend  to  employ  this  means 
of  detecting  in  urine  quantities  of  inorganic  arsenic  too  small  for  ordinary  chemical 
methods. 
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Within  twenty-four  hours  after  commencing  the  second  course 
the  dose  having  been  increased  to  0.15  gm.,  a  reaction  for  sodium 
cacodylate  was  obtained.  Inorganic  arsenic  began  to  be  elimi- 
nated after  forty-four  days  from  the  commencement  of  tile 
treatment,  at  which  time  die  urine  possessed  a  marked  odor  of 
garlic. 

In  the  two  other  cases,  in  which  o.i  gm.  was  injected  from  the 
outset,  the  drug  was  detected  on  the  thirty-sixth  and  tenth  days, 
respectively.  Inorganic  arsenic  could  not  be  shown  in  the  urine 
of  the  latter  case,  which  was,  however,  under  observance  for  only 
twenty-nine  days.  The  first  patient  eliminated  arsenic  in  inorganic 
form  after  twenty-two  days. 

Regarding  the  quantitative  relation  of  the  amount  eliminated 
to  that  injected,  our  results  agree  in  the  main  with  those  of 
HeflFter,*  who  recovered  in  the  urine  but  from  one-seventh  to 
one-ninth  of  the  amount  introduced  hypodermatically.  Ap- 
parently personal  idiosyncrasy  plays  a  very  important  part  in 
this  consideration,  since  in  Case  3,  under  treatment  twenty-nine 
days,  the  patient  receiving  daily  from  o.i  gm.  to  0.15  gm.,  only 
one  per  cent,  of  the  injected  drug  was  eliminated  unchanged 
and,  as  previously  stated,  no  inorganic  arsenic  could  be  detected. 
On  tfie  other  hand,  in  Case  2,  witfi  the  same  treatment,  the  daily 
amount  eliminated  varied  from  five  to  eight  per  cent. 

That  these  figures  do  not  represent  the  true  state  of  affairs  in 
this  connection  must  be  evident  from  our  results  with  animals. 
This  point  will  be  discussed  later. 

The  question  was  further  pursued  in  experiments  on  dogs. 
A  detailed  account  of  one  such  may  serve  as  a  t)rpe  for  all.  In- 
jection of  0.3  gm.  of  sodium  cacodylate  was  given  daily  for  nine 
days  without  any  symptom  of  any  objective  sort.  The  com- 
pound was  excreted  on  the  second  day  and  daily  thereafter. 
On  the  tenth  day  the  dose  was  increased  to  0.5,  and  i.o  gm. 
on  the  twelfth  day  and  continued  for  five  days  subsequently. 
Inorganic  arsenic  made  its  appearance  in  the  urine  on  the  twelfth 
day.  In  a  similar  experiment,  in  which  the  doses  were  about 
three  and  one-half  times  the  size  of  this  one,  the  inorganic  arsenic 
could  be  detected  on  the  tenth  day.  The  amount  of  daily  elimi- 
nation showed  no  direct  relation  to  that  of  cacodylate  injection. 
The  excretion  from  day  to  day  varied  from  0.2  to  4  mg.    In 

'Heffter   (A.):     Des  Verhalten  der  Kakodylsiure  in   Organismus,  Archiv,  f,  fijs 
Perimentille  Path.,   1901*  46,  230-241, 
It 
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general,  however,  the  larger  quantities  were  eliminated  during 
the  periods  of  high  dosage.  The  percentage  of  injected  sodium 
cacodylate  eliminated  varied  from  six  to  ten  per  cent  In  all 
the  animal  experiments  the  injected  quantity  was  distributed 
in  from  two  to  four  different  locations,  in  the  attempt  to  determine 
if  better  results  could  be  obtained  in  this  way.  This  may  explain 
why  a  lower  percentage  of  the  injected  drug  was  eliminated. 
No  macroscopic  evidence  of  a  pathologic  change  showed  itself 
on  autopsy  of  Dog  i.  Portions  of  the  liver,  muscle  and  bone 
marrow  were  subjected  to  chemical  analysis  according  to  the 
method  outlined  by  Heffter,  and  in  all  three  tissues  inorganic 
arsenic  was  present.  Of  especial  importance  was  the  finding  in 
about  one  gram  of  marrow  from  the  femiu-  0.3  mg.  of  arsenic  in 
inorganic  form.  The  liver  showed  approximately  the  same  rela- 
tive amounts  with  only  traces  in  the  muscle. 

It  occurred  to  us  that  perhaps  the  reason  why  such  a  small 
percentage  of  the  drug  could  be  detected  in  the  urine  after 
injection  might  be  found  in  the  fact  of  the  elimination  of  the 
compound  through  the  intestine  in  inorganic  form.  Ordinarily 
such  a  condition  sets  up  intestinal  changes  of  unpleasant  char- 
acter. In  these  experiments  the  feces  were  examined,  and  in 
all  cases  when  inorganic  arsenic  began  to  appear  in  the  urine 
it  could  be  shown  to  be  present  in  the  feces  also.  Undoubtedly, 
therefore,  the  intestinal  tract  serves  as  a  second  means  of  exit 
for  the  inorganic  arsenic  formed  from  the  cacodylate.  This  is 
only  to  be  expected  since  the  intestinal  disturbances  which  follow 
the  administration  of  inorganic  arsenic  subcutaneously  are  caused 
by  the  compound  becoming  excreted  into  the  lumen  of  the 
intestine. 

Since  the  injection  of  3.0  gm.  of  the  drug  did  not  occasion 
any  objective  s)miptoms  in  the  dog,  it  was  determined  to  employ 
rabbits  to  show,  if  possible,  whether  or  not  a  toxic  dose  could  be 
obtained.  A  large  rabbit,  weighing  2800.0  gm.,  was  given  an 
injection  of  i.o  gm.  in  the  afternoon  at  four  o'clock.  The  next 
morning  the  animal  was  found  dead  in  the  cage,  but  still  warm. 
On  section  a  very  distinct  odor  of  garlic  was  noticed,  sufficient 
to  be  evident  to  persons  entering  the  room.  The  tissues  (liver 
and  muscle)  after  removal  from  the  animal  retained  the  odor  for 
several  hours,  or  until  they  were  subjected  to  chemical  treatment 
Arsenic  in  reduced  form  was,  therefore,  present  in  these  organs. 
That  the  odor  was  due  to  inorganic  arsenic  was  shown  in  the 
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chemical  analysis.  Another  rabbit,  receiving  0.5  gm.,  showed  no> 
effect,  nor  did  the  urine  possess  any  odor  of  garlic  or  cacodyl. 
The  dose  was  increased  on  the  succeeding  day  to  0.8  gm.  The 
next  morning  this  animal  also  was  found  dead,  with  the  same 
results  as  with  the  one  previously  mentioned. 

Our  results,  therefore,  indicate  that  after  the  injection  of 
sodiimi  cacodylate  from  six  to  ten  per  cent,  is  eliminated  un- 
changed. Arsenic  in  inorganic  form  makes  its  appearance  in 
the  urine  and  feces  in  small  but  definite  amounts  if  the  injections 
are  continued  for  any  length  of  time.  In  general  the  larger  the 
dose  the  sooner  the  arsenic  shows  itself  in  this  form.  Arsenic 
in  inorganic  form  also  is  deposited  in  the  tissues  of  the  body 
after  cacodylate  injection.  The  body,  therefore,  possesses  tile 
power  of  decomposing  the  organic  arsenic  compoimd  into  an 
active  inorganic  form.  The  small  amount  of  this  produced  at  any 
one  time  allows  of  large  dosage  without  toxic  effect. 

This  cursory  sunmiary  of  the  experimental  work  thus  far  ac- 
complished forms  sufficient  basis,  we  think,  for  the  following 
discussion  of  the  problem  from  the  experimental  standpoint. 

In  the  determination  of  the  question  as  to  the  pharmacologic 
value  of  sodium  cacodylate  the  all-important  fact  to  be  elucidated 
is  the  possibility  of  the  drug  becoming  decomposed  or  reduced 
in  the  animal  body  to  cacodyl,  arsenious  or  arsenic  acid.  Caco-^ 
dylic  acid  or  any  of  its  salts  unquestionably  is  without  any  great 
effect  pharmacologically.  That  they  may  occasion  toxic  symp- 
toms, however,  is  asserted  by  Lebaln,**  Schultz*  and  Rabuteau.'' 
Whether  these  symptoms  are  due  to  the  appearance  of  cacodyl^ 
which  is  extremely  poisonous,  or  to  the  reduction  of  the  arsenic  to 
arsenious  or  arsenic  acid  was  left  imdecided  by  those  several 
investigators.  It  is  currently  supposed  that  whatever  the  effect 
of  arsenic  in  therapeutic  doses  it  is  due  to  the  presence  of  the 
AsO*"  or  AsO*"  ion ;  in  which  case  arsenic,  combined  with  car- 
bon in  the  so-called  organic  condition  in  which  no  such  active 
ion  exists,  could  not  form  a  substitute  for  the  inorganic  arsenic 
unless  it  first  suffered  a  reduction  and  decomposition  in  the 
tissues.    That  such  a  transformation  may  take  place  in  the  body 


•Diss,  Rostock,  1868. 

*Arch,  f,  esptr.  Path.  u.  Pharm,,  id,  p.   131. 

^  Jahres.  f.  ThierehemU,  xil,  p.  96. 
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is  too  well  proven  by  previous  observers,  such  as  Heffter,  Schmidt 
and  Chouse*  and  others,  it  having  been  shown  that  surviving 
organs  in  vitro  possessed  the  power  of  decomposing  cacodylic 
acid  to  the  oxid  or  even  to  cacodyl  itself.  Such  experiments 
did  not  extend  to  testing  the  products  for  inorganic  arsenic  after 
such  treatment.  Our  experiments  are  sufficient  evidence,  how- 
ever, to  settle  this  point. 

That  such  large  doses  are  necessary  to  produce  an  eflFect  <m- 
to  get  toxic  symptoms  is  undoubtedly  due  to  the  fact  of  the  only 
partial  decomposition  of  the  compound  to  inorganic  arsenic.  The 
extreme  tolerance  is  to  be  ascribed  to  a  self-regulation  and  auto- 
matic immunity  which  the  organism  attains  by  the  constant  pres- 
ence and  new  formation  of  arsenic  of  the  inorganic  type.  The 
production  of  inorganic  arsenic  in  the  form  of  arsenious  or 
arsenic  acid  in  nascent  state  in  the  body  is  probably  not  an  un- 
important factor  in  the  beneficial  effects  obtained  in  arsenic  treat- 
ment of  this  character.  In  this  condition  smaller  amounts  of  the 
ion  become  more  active  and  induce  better  results  than  arsenic 
introduced  as  such  per  os. 

It  is  not,  however,  outside  of  the  realm  of  possibility  that 
xracodyl  or  its  oxide,  which  is  also  unquestionably  produced  after 
this  type  of  arsenic  administration,  does  exert,  itself,  a  distinct 
pharmacologic  action  specific  for  itself,  and  not  unlike  in  general 
results  that  of  inorganic  arsenic  compounds.  This  phase  of  the 
question  we  expect  to  take  up  as  a  further  study. 

The  blood  picture  under  the  administration  of  the  drug  is  a 
very  constant  one.  In  anemic  cases  there  is  always  an  increase 
in  the  percentage  of  hemoglobin,  usually  a  small  increase  in  red 
cells,  but  little  variation  in  the  number  of  whites,  an  increase  in 
the  percentage  of  pol)^morphonuclears  and  large  mononuclears, 
with  a  corresponding  decrease  in  the  small  mononuclears.  In 
non-anemic  cases  there  seems  to  be  no  relation  in  the  changes  of 
the  hemoglobin  or  the  red  blood  cells  to  the  administration  of  the 
cacodylate,  but  there  is  usually  an  increase  in  the  poljrmorpho- 
nuclears  with  but  little  change  in  the  large  or  small  mono- 
nuclears. The  arterial  pressure  seems  to  be  unaffected.  The 
blood  records  in  two  cases,  one  of  each  type,  will  serve  to 
illustrate : 

'Mokflchott's  Untersuchuagen,  ri,  p.   uj. 
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Simple  anemia:  blood  examination  made  by  Dr.  J.  Lewi  Donhaueer. 
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Neuroas;  woman  aced  seventy-three;  blood  examination  made  by  Dr.  J.  F.  Robineon, 
A.  B.  Other  blood  examinations  from  which  thia  report  is  compiled  were  made  by  Drs. 
A.  T.  Laird,  C.  E.  Winne.  Jr..  and  M.  C.  Collier,  Ph.B. 

In  reporting  the  therapeutic  results  space  does  not  permit  giv- 
ing detailed  histories,  but  one  case  illustrates  so  forcibly  the 
curative  properties  of  the  drug  and  the  possibilities  of  large  and 
long-continued  dosage  that  it  will  be  given  in  brief.  In  all  in- 
stances in  which  the  term  "  courses  "  is  used  it  means  ten  days' 
treatment  with  an  interval  of  non-treatment. 

Case  I. — Miss  V.  V.,  aged  twenty-two,  cloak  model,  had  lichen  ruber. 

History. — She  had  been  treated  for  eczema  at  varying  intervals. 
The  intestinal  tract  would  not  tolerate  any  form  of  arsenic  for  more 
than  ten  days.  She  was  much  emaciated  and  decidedly  anemic 
(hemoglobin  fifty-six  per  cent.)  and  had  amenorrhea. 

Treatment. — ^Treatment  with  sodium  cacodylate  hypodermatically 
commenced  February  22,  1904,  with  0.15  gm.  once  each  day  (this 
equals  about  61.8  per  cent,  of  arsenic  trioxid  or  0.093  g"^)  for  six 
days,  when  the  dose  was  doubled.  Six  days  later  the  dose  was  in- 
creased to  0.45  gm.,  and  six  days  later  to  0.6  gm.  This  dosage  was 
continued  for  thirty-four  days,  when  it  was  reduced  to  0.3  gm.  Four 
>  weeks  later  it  was  again  reduced  to  0.15  gm.,  and  on  June  15  to  0.05 
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gm.  every  other  day  for  three  weeks,  when  it  was  omitted  for  ten 
days  and  then  resumed  for  three  weeks  more  every  other  day. 

Result, — ^The  patient's  appetite  was  improved  in  one  week  after 
commencing  treatment  She  menstruated  on  March  15,  the  first  time 
in  four  months,  and  commenced  to  perspire  on  April  15,  the  first  in 
several  years.  She  was  discharged,  cured,  on  August  4,  1904,  after 
164  days  of  treatment,  having  gained  2SV9  pounds,  and  she  has  never 
shown  any  signs  of  recurrence.  She  was  given  in  all  41.95  gm.  of 
sodium  cacodylate,  or  what  corresponds  to  25.925  gm.  of  arsenic 
trioxid,  or  to  19.632  gm.  of  arsenic. 

Three  cases  of  psoriasis  were  treated.  In  one  patient  the  disease 
was  aggravated  by  its  use  and  after  six  courses  of  0.05  gm.  the  treat- 
ment was  abandoned.  Three  others— one  with  a  very  severe  attack — 
were  permanently  cured  by  four  courses  in  one  and  three  courses  of 
0.1  gm.  in  the  others. 

One  patient  with  general  eczema  and  one  with  palmar  eczema  were 
cured,  the  first  with  four  courses  of  0.15  gnL  and  the  last  with  three 
courses  of  o.i  gm.,  while  a  patient  with  eczema  crurum  was  in  no 
way  benefited  by  doses  as  large  as  0.3  gm. 

Eight  patients  with  simple  anemia  were  successfully  treated,  none 
requiring  larger  doses  than  0.15  gm.,  or  more  than  three  periods  of 
ten  days'  treatment  with  ten  days*  interval. 

Three  patients  with  anemia  with  persistent  headache  were  entirely 
cured;  one  of  seven  years'  standing  requiring  six* courses  of  treatment 
with  0.05  gm.,  improvement  commencing  during  third  course,  and  in 
one  of  six  years'  standing  the  patient  was  cured  by  four  courses  of 
0.1  gm.,  improvement  commencing  on  third  day  of  treatment 

Three  patients  with  splenic  anemia  were  treated.  One  improved 
for  a  short  time,  but  the  cure  was  not  permanent  and  the  patient 
died.  In  another  case,  of  fifteen  years'  standing,  the  patient  was 
cured  by  five  courses  of  treatment  with  0.15  gm.,  and  the  third 
patient,  a  case  of  fourteen  and  one-half  years'  standing  by  the  same. 
This  patient  has  shown  no  sign  of  return  after  three  years. 

One  patient  with  pernicious  anemia  died  after  eight  days'  treat- 
ment by  a  colleague,  with  doses  of  about  0.02  gm.  A  patient  of  Dr. 
Henry  Hun,  now  under  observation,  in  whom  the  anemia  was  accom- 
panied by  a  persistent  epistaxis  of  several  years'  standing,  shows 
marked  improvement,  the  fever,  delirium,  dyspnea,  epistaxis  and  other 
disagreeable  symptoms  having  disappeared,  the  hemoglobin  having 
increased  from  20  to  40  per  cent.,  and  the  red  cells  from  1,032,000 
to  2,400,000  in  twenty-seven  days  with  doses  of  ao6  gm.  for  twelve 
days,  0.12  gm.  for  eight  days,  and  0.15  gm.  the  balance,  and  at  which 
doses  the  man  is  still  being  treated. 

One  patient  with  Hodgkin's  disease  died.  This  case  was  treated 
at  our  suggestion  by  a  colleague,  and  no  history  is  obtainable. 

Two  patients  with  neuritis  with  anemia  were  cured  with  0.05  gm. 
doses,  one  after  three  courses  of  ten  days,  and  the  other  after  two 
courses.  In  another  case,  in  which  there  was  no  associated  anemia, 
there  was  no  improvement 
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Two  patients  with  chorea  were  successfully  treated  by  the  adminis- 
tration of  0.1  gm.  for  two  and  three  courses,  respectively,  one  had 
been  treated  for  some  time  with  liquor  potassii  arsenitis,  and,  while 
benefited,  was  never  cured,  as  the  attacks  recurred  at  three  months 
intervals. 

One  patient  with  gastralgia  of  malarial  origin  was  cured  by  two 
courses  of  0.15  gm.,  and  in  two  cases  of  exhaustion — ^both  in  women 
of  more  than  60  years,  one  following  bronchitis  and  one  following 
what  was  called  diabetes  —  the  patients  were  speedily  helped  to  a 
complete  recovery. 

Of  neuroses  of  various  Character,  sixteen  were  treated,  in  only 
two  cases  more  than  a  15  gm.  being  used.  Five  of  these  patients 
were  not  benefited,  four  were  much'  helped  and  seven  were  cured. 

Of  forty-five  cases  reported  then,  thirty«-four  patients  were 
either  entirely  cured  or  much  benefited,  eleven  were  in  no  way 
helped,  and  two  were  apparently  made  worse.  In  several  of  the 
second  class  the  failure  may  be  due  to  the  fact  that  they  were 
among  the  earlier  cases  treated,  the  dosage  being  very  small  and 
there  being  certain  faults  in  technic.  In  these  cases  a*  French 
preparation  sold  in  tubes,  each  containing  a  solution  represent- 
ing 0.05  gm.,  were  used  subcutaneously,  with  a  short  needle, 
the  solution  being  cold.  Later  a  sterile  solution  was  made  by 
dissolving  the  salt  in  distilled  water.  This,  however,  soon  de- 
veloped fungi,  and  on  boiling  gave  off  an  alliaceous  odor.  Our 
present  practice  is  to  obtain  die  required  amount  of  the  salt,  each 
dose  enclosed  in  a  gelatin  capsule  by  the  pharmacist;  the  drug 
is  poured  into  the  open  end  of  a  glass  syringe,  the  plunger  re- 
placed and  the  syringe  then  filled  with  boiling  water;  the  site 
of  injection,  preferably  the  buttock,  is  then  washed  with  alcohol 
and  a  long  needle  is  thrust  deeply  into  the  gluteal  muscle  and 
the  warm  solution  injected.  By  this  method  little  if  any  discom- 
fort is  complained  of,  and  the  warmth  of  the  solution  seems  to 
add  much  to  the  rapidity  of  effect.  Qinically  it  is  usually  noted 
that  soon  after  injection  there  is  a  marked  sense  of  exhilaration, 
and  it  is  no  unusual  thing  for  a  patient  to  come  back  after  tile 
cessation  of  a  course  and  request  a  resumption  of  treatment  on 
the  ground  that  "  it  makes  me  feel  so  much  better,"  a  symptom 
common  to  arsenic  medication. 

Almost  invariably  the  patient  gains  in  weight,  usually  with  con- 
siderable rapidity  at  first.  In  three  of  our  cases  a  marked  garlic- 
like odor  to  the  breath  was  observed,  in  one  this  invariably  com- 
ing on  in  half  an  hour  after  an  injection  of  o.05.gm.    One  patient 
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rq>orted  the  odor  in  the  perspiration  about  a  week  after  injec- 
tions of  0.2  gm.  commenced,  and  a  ccnnplaint  of  a  garlic  odor  to 
the  urine  is  no  infrequent  occurrence.  This  odor  may  also  be 
observed  in  inorganic  arsenic  medication. 

Many  of  the  French  writers  state  that  unless  improvement 
commences  after  five  or  six  injections  it  is  not  worth  while  to 
continue,  and  if  one  course  has  not  proved  beneficial  a  second  is 
not  likely  to.  Our  experience,  however,  is  that  rapidity  of  im- 
provement depends  much  on  the  size  of  the  dose,  being  slow  with 
small  doses  and  quick  with  large  ones. 

It  would  seem,  therefore — if  our  data  be  accepted  as  correct — 
that  Fraser  and  those  who  have  accepted  his  statements  have 
(as  Fraser's  paper  seems  to  indicate)  made  their  sweeping  asser- 
tions as  the  result  of  a  few  clinical  failures  and  not  as  the  result 
of  careful  physiologic  observation. 


CONGENITAL  STENOSIS  OF  THE  DUODENUM.— 
REPORT  OF  CASE.* 

By  henry  L.  K  SHAW,  M.D., 

Clinical  Professor  of  Diseases  of  Children, 
AND 

LEON  K  BALDAUF,  M.D., 
Instructor   in   Pathology  and   Bacteriology,  Albany   Medical   College. 

Plate  IV. 

Congenital  occlusion  of  the  intestine  is  an  infrequent  condi- 
tion. Theremin,  in  1877,  emphasizing  its  rarity,  states  that 
among  111401  children  this  malformation  was  observed  only 
twice,  and  in  St.  Petersburg  it  had  occurred  but  nine  times.  At 
that  time  no  cases  had  been  reported  from  the  foundling  asylums 
in  Moscow  and  Prague.  In  1883,  Gartner  collected  thirty-eight 
cases;  in  twenty  of  these  the  occlusion  had  occurred  in  the 
jejunum  and  ileimi,  in  sixteen  in  the  duodenum  and  twice  in  the 
colon.  Cordes,  in  1901,  collected  fifty-six  cases  of  duodenal  occlu- 
sion and  added  one  observation  of  her  own.  In  1903,  Kuliga, 
after  a  very  careful  search  through  the  literature,  succeeded  in 
bringing  together  185  cases,  forty-six  of  which  occurred  in  the 
duodenum,  ninety- four  in  the  jejunum  and  ileum  and  forty-five 
in  the  colon  and  rectum. 

*  Published  also  in  Archives  of  Pediatrics,  1907.  XXIV,  8x3. 
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The  following  case,  aside  from  its  rarity,  is  of  interest,  as  the 
condition  was  recognized  clinically. 

Mrs.  C,  of  Williamstown,  Mass.,  came  to  Albany  for  her 
confinement  because  she  wished  her  baby  to  be  under  the  care 
of  a  specialist,  and  was  referred  by  Dr.  Snow,  of  Buffalo,  to  the 
writer  (Dr.  Shaw).  In  my  absence  from  the  country  Dr.  Mac- 
Farlane,  of  Albany,  took  charge  of  the  patient,  and  to  him  I  am 
indebted  for  the  notes  and  history  of  the  case. 

Clinical  History, — The  child,  a  girl,  was  born  July  19,  1906, 
at  9:50  p.  M.,  at  the  Albany  Hospital,  under  the  care  of  Dr. 
Macfarlane.  The  labor  was  normal,  except  for  a  retained 
placenta  and  some  postpartum  hemorrhage,  and  the  mother  made 
an  uninterrupted  recovery.  The  child  seemed  strong  and  healthy 
and  weighed  seven  and  one-half  pounds.  Twelve  hours  after 
birth  she  passed  meconium.  She  was  given  small  quantities  of 
warm  water  and  vomited  a  small  amount  of  greenish  fluid  fifteen 
hours  after  birth.  She  was  placed  at  the  breast  two  hours  later 
and  again  in  two  hours,  and  after  the  latter  feeding  vomited  a 
small  quantity  of  greenish  fluid  which  contained  particles  of  a 
white  material  evidently  milk  curds.  The  next  nursing  was  re- 
tained. On  the  next  two  days  (the  second  and  third  after  birth) 
she  nursed  at  the  breast ;  vomited  greenish  fluid  five  times,  once 
in  large  quantity ;  passed  meconium  three  times ;  seemed  hungry 
and  cried  as  if  in  great  pain.  On  July  23d  (the  fourth  day  after 
birth)  it  was  thought  that  the  nervous  state  of  the  mother  might 
be  responsible  for  the  condition  of  the  child.  Nursing  at  the 
breast  was  discontinued  and  barley  water  and,  later,  whey  was 
administered.  A  greenish-yellow  fluid  containing  white  particles 
was  vomited  almost  immediately  after  each  ingestion  of  food. 
Meconitmi  was  passed  and  later  a  brownish  movement  showing 
a  small  amount  of  mucus.  On  July  24th  (the  fifth  day  after 
birth)  hot  water  was  given  in  dram  doses  every  hour,  and  re- 
tained at  the  longest  only  twenty  minutes.  The  stomach  was 
thoroughly  washed  out  after  the  removal  of  putrid,  foul-smelling 
greenish  contents.  During  the  night  there  were  three  small 
brownish  dejections.  On  the  sixth  day  after  birth  (July  25th) 
the  stomach  was  washed  out  twice  and  the  child  vomited  only 
once  (a  clear  fluid  two  hours  after  the  last  lavage).  A  napkin 
and  some  of  the  vomited  material  were  examined  by  Dr.  H.  C. 
Jackson,  of  the  Bender  Laboratory,  and  bile  was  shown  to  be 
present  in  both. 
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Dr.  Albert  Vander  Veer  was  then  called  in  consultation.  On 
account  of  the  apparent  improvement  in  the  gastric  condition, 
and  the  fact  that  bile  had  been  found  in  both  vomitus  and  de- 
jection, it  was  hoped  that  the  stenosis  might  be  spastic,  and 
operative  intervention  was  postponed.  On  the  next  three  days 
the  stomach  was  washed  daily,  whey  was  given  by  mouth  and 
normal  saline  solution  per  rectum  three  times  a  day.  Although 
she  vomited  only  once  in  these  three  days,  she  grew  constantly 
weaker,  and  on  July  29th,  ten  days  after  birth,  she  weighed  five 
and  one-quarter  pounds,  showing  a  loss  of  two  and  one-quarter 
pounds.  Her  condition  gradually  grew  worse  in  spite  of  lavage, 
and  an  operation  having  been  deemed  unadvisable  on  account 
of  her  exhausted  state,  she  died  on  August  ist,  thirteen  days 
after  birth. 

Autopsy  Record  (Bender  Laboratory  0-1,028). — Postmortem  exam- 
ination made  August  3,  1906,  by  Dr.  Baldauf. 

Clinical  Diagnosis, — Stenosis  of  the  intestine  below  and  near  the 
opening  of  the  common  bile  duct 

Abdomen, — Subcutaneous  fat  almost  absent  Peritoneal  surface 
smooth  and  glistening.  Spleen  not  enlarged,  free  from  adhesions. 
Appendix,  coiled  upon  itself  and  retrocecal,  measures  about  3  cm.  in 
length.  Mesenteric  lymph  nodes  somewhat  enlarged,  pale  and  firm. 
Below  the  pyloric  orifice  of  the  stomach  is  a  dilatation  of  the  in- 
testine including  the  whole  course  of  the  duodenum  and  extending 
below  the  bile  duct,  giving  the  organ,  from  its  size  and  general 
shape,  the  appearance  of  the  stomach.  The  mesocolon  of  the 
entire  ascending  colon,  except  a  small  free  edge  about  a5  cm.  in  thick- 
ness, is  intimately  adherent  to  the  dilated  duodenum. 

Af^ax«r^m<ii/x.— -Circumference  of  pyloric  orifice,  2.2  cm.;  length 
of  small  curvature  of  the  stomach,  5.8  cn:L;  length  of  greater  curva- 
ture of  the  stomach,  16.2  cm.;  circumference  of  the  dilated  duodenum, 
I  cm.  from  the  pylorus,  3.7  cm.;  circumference  of  the  dilated  duo- 
denum, 2  cm.  from  the  plyorus,  4.8  cm.;  length  along  the  greater 
curvature  of  the  dilated  duodenum,  18.5  cm.;  length  along  the  lesser 
curvature  of  the  dilated  duodenum,  9  cm.  The  stricture  lies  5  cm. 
below  the  papilla  of  Vater.  The  g^reatest  diameter  of  the  dilated 
duodenum  is  9.4  cm. 

Below  the  dilatation  is  a  stricture  which  will  not  admit  the  smallest 
probe,  but  through  which  small  amounts  of  fecal  material  can  be 
forced. 

All  other  organs  normal. 

Anatomical  Diagnosis. — Congenital  duodenal  stenosis. 

Various  causes  have  been  assigned  as  etiological  factors  in 
these  congenital  anomalies.     Until  very  recently  no  satisfactory 
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explanation  has  been  offered  for  the  larger  number  of  the  cases. 
In  many  instances  associated  pathological  lesions  were  considered, 
but  when  such  did  not  exist  there  was  recourse  only  to  hypothesis 
and  theory.  Silbermann,  Theremin  and  Fiedler  have  suggested 
the  idea  of  peritonitis  during  fetal  life  as  a  causative  factor. 
Fiedler  does  not  consider  that  the  absence  of  any  evidence  of 
peritonitis  is  proof  positive  that  a  peritonitis  has  never  existed, 
for  he  maintains  that  a  peritonitis  may  have  disappeared  with- 
out leaving  any  trace  of  the  original  lesion.  Such  peritonitis 
is  generally  of  syphilitic  or  tuberculous  origin.  According  to 
some  authors,  the  peritonitis  must  have  existed  before  the  third 
month,  because,  in  the  cases  examined,  where  there  was  total 
occlusion  of  the  intestinal  liunen,  no  bile  appeared  in  the  distal 
portion  of  the  gut.  Where  the  syphilitic  condition  existed  so 
early  and  the  child  went  to  normal  delivery,  it  seems  strange  that 
no  other  signs  of  syphilis  were  visible,  for  in  the  cases  examined 
no  visceral  changes  were  evident.  Mauclaire's  case,  in  which  he 
ascribes  the  occlusion  to  a  tuberculous  peritonitis,  may  have  been 
the  result  of  the  volvulus  which  was  present,  the  tuberculous 
peritonitis  being  secondary.  This  is  the  view  of  Schottelius. 
Kttttner,  Gartner,  Schottelius,  Schlagel  and  Good  believe  the 
condition  to  be  the  result  of  volvulus.  A  few  cases  have  recently 
been  added  to  the  thirteen  cases  due  to  volvulus  collected  by 
Gartner.  There  are  some,  however,  who  consider  the  volvulus 
secondary  to  other  conditions.  Steinthal,  Kirchner,  Marchwald 
and  others  consider  the  atresias  and  stenoses  part  of  an  intrau- 
terine enteritis.  Marchwald,  in  one  of  his  cases,  demonstrated 
cocci  at  the  seat  of  the  lesion.  In  a  case  reported  by  Chiari, 
an  intussusception  was  demonstrated.  Pressure  from  without 
is  considered  of  importance  by  others ;  for  instance,  in  a  case  re- 
ported by  Wiederhofer  an  alveolar  carcinoma  involving  the  liver 
was  found,  in  Kristeller's  case  an  enlarged  liver,  in  Hirsch- 
sprung's and  Serr's  case  a  hypertrophic  head  of  the  pancreas, 
in  Schott's  case  a  cyst  of  the  ileocecal  fossa,  in  Nobiling's  case 
formation  of  a  loop  by  the  omphalomesenteric  artery.  As  other 
factors,  Jacobi  and  Charrier  laid  stress  on  the  formation  of 
amniotic  bands  pressing  and  occluding  the  gut.  Hess  empha- 
sized the  possibility  of  compression  of  the  duodenum  at  the  point 
where  it  pierces  the  mesocolon.  Wyss  and  Hammer  think  the 
stenosis  is  due  to  hypertrophic  valvulae  conniventes,  and  Bret- 
schneider,  Hempel,  Schellong  and  Ahlfeld  ascribe  an  influence 
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to  the  omphalo-mesenteric  duct.  While  these  various  influences 
may  be  of  some  interest  in  the  production  of  these  anatomical 
lesions  and  the  various  hypotheses  and  theories  may  apply  to  a 
certain  nimiber  of  cases,  there  are  numerous  cases  for  which  no 
cause  is  evident  and  no  logical  hypothesis  can  be  offered.  An 
hypothesis  which  might  apply  to  all  cases  could  be  formulated 
on  a  purely  embryonic  basis.  Tandler,  in  a  recent  communica- 
tion, emphasizes  the  transitory  disappearance  of  the  Itunen  of 
the  intestine  in  the  earliest  embryos.  In  studying  the  cross  sec- 
tions of  the  duodenum  of  a  12.5  and  14.5  millimeter  embryo,  he 
observed  the  lumen  occluded  by  an  epithelial-like  proliferation. 
He  afterward  made  a  systematic  examination  of  eleven  embryos 
ranging  from  thirty  to  sixty  days  old.  In  the  two  youngest 
embryos  the  duodenum  was  visible  with  an  open  and  unob- 
structed limien.  In  the  next  older  an  increase  of  the  epithelial 
elements  had  begun  with  evident  narrowing  of  the  lumen,  while 
in  the  next  two  older  embryos  the  increase  of  epithelial  cells 
and  narrowing  of  the  lumen  were  more  evident.  This  became 
more  marked  in  the  next  older  embryo,  while  in  the  three  oldest 
embryos  there  was  a  disappearance  of  the  epithelial  cells  and 
the  intestine  had  assumed  its  original  appearance.  To  summarize : 
In  the  youngest  embryos  the  lumen  of  the  intestine  was  easily 
visible,  but  later  the  lumen  disappeared  on  account  of  a  prolifera- 
tion of  epithelial  cells.  Later,  however,  the  epithelial  cells 
became  absorbed  and  the  lumen  reappeared.  If  these  observa- 
tions be  accepted,  we  may  find  an  explanation  of  many  cases 
of  atresia  and  stenosis ;  the  atresia  being  dependent  upon  the  non- 
absorption  of  the  hyperplastic  epithelium  and  the  stenosis  upon 
its  partial  absorption. 
i 
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LIPOMA    OF    THE    INTESTINE    OCCURRING    IN    A 

CHILD  THIRTEEN  MONTHS  OLD  AND  CAUSING 

SYMPTOMS  OF  INTESTINAL  OBSTRUCTION.* 

By  GEORGE  CHANDLER.  M.D.. 
Of  Kingiton.  N.  Y. 

AND 

LEON  K.  BALDAUF,  M.D., 
Instructor  io  Pathology  lad  B«cterioloffT.  Albany  Medical  CoUcsge. 

Lipoma,  as  an  intestinal  tumor,  occurs  very  infrequently.  Hiller 
in  1899  collected  twenty-three  cases.  A  later  review  by  Ward, 
including  the  cases  reported  by  him,  increased  the  number  to 
thirty-five  and  in  a  recent  very  comprehensive  review,  Dewis 
has  added  nine  additional  reports.  The  rarity  of  the  lesion,  the 
early  age  at  which  it  appeared  in  the  case  here  given,  the  peculiar 
S3fmptoms  to  which  it  gave  rise  and  the  fact  that  the  literature 
contains  no  reference  to  a  similar  condition  in  an  infant,  makes 
the  following  report  worthy  of  publication. 

CUnical  History. — Female,  aged  thirteen  months,  appeared  for 
operation  September  13,  1906,  with  symptoms  of  intestinal  obstnictton. 

Family  History. — Negative. 

Past  History. — ^The  child  was  bom  July  12,  1905,  after  a  nonnal 
labor.  It  was  breast  fed  and  appeared  well  nourished  at  first  b«t 
later  showed  slight  signs  of  rickets.  Two  or  three  months  after  birth, 
the  mother  noticed  that  the  left  side  of  the  abdomen  appeared  un- 
usually full  and  round.  She  attributed  this,  however,  to  the  healthy 
condition  of  the  child.  At  that  time  there  were  no  stomach  sjrmp- 
toms,  but  a  slight  ''colic"  appeared  which  continued  daily  for  four 
or  five  months.  The  attacks  later  however  diminished  in  frequency, 
there  being  intervals  of  two  or  three  weeks,  during  which  the  child 
appeared  perfectly  well.  Defecation  has  always  occurred  two  or 
three  times  a  day.  The  feces  were  soft  in  consistency;  well  formed 
stools  have  never  been  seen. 

Present  illness  began  July  15,  with  vomiting  and  marked  flatus. 
Rectal  enemata  were  given  and  afforded  complete  relief.  The  child  . 
then  remained  well  until  August  7  when  she  had  a  similar  attack, 
the  same  treatment  again  proving  effective.  During  these  attacks 
the  mother  noticed  a  "  bunch  "  in  the  left  side  of  the  abdomen,  which 
remained  after  the  attacks  had  subsided.  The  child  had  similar  attacks  on 
August  20  and  30.  On  September  9  continuous  vomiting  developed 
and  marked  constipation  which  nothing  could  relieve.  The  patient 
became  steadily  worse  and  was  brought  to  the  Benedictine  Sanitarium 
in  Kingston,  N.  Y.,  September  13,  1906.    At  this  time  the  child  was 

*  PaWthed  also  in  Annals  of  Swgsry,  1907,  xhr,  836. 
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in  a  precarious  condition;  the  pulse  was  barely  perceptible;  the  abdo- 
men  markedly   distended   and   vomiting   continuous. 

Operation.-'EiheT  anesthesia.  Incision  in  the  median  line.  Re- 
moval of  a  large  pedunculated  tumor  occupying  the  right  portion  of 
the  abdominal  cavity  and  attached  to  the  sigmoid  flexure  opposite 
the  mesenteric  attachment  by  a  short  pedicle  lo  cul  in  length.  The 
tumor  had  rotated  in  such  a  way  that  the  intestine  was  twisted  twice. 
The  tumor  was  removed  by  cutting  the  pedicle  close  to  the  intestinal 
wall.  The  child  made  an  uneventful  recovery  and  left  the  sanitarium 
two  weeks   later. 

Pathological  Examination. — ^The  specimen  .consists  of  a  kidney- 
shaped  mass  12x7x9  cm.  with  a  broad  pedicle  attached  to  the  con- 
cave side  or  "  hilum."  The  surface  is  everywhere  smooth  and  glisten- 
ing. Beneath  the  surface  are  numerous  hemorrhagic  areas  averaging 
2.5  cm.  in  the  greatest  diameter.  At  the  point  of  attachment,  the 
mass  is  definitely  lobulated.  On  section,  the  yellow  tissue  is  mottled 
with  numerous  hemorrhagic  areas,  which  are  especially  abundant  at 
one  pole  of  the  tumor.  The  tumor  substance  shows  in  places  a  divi- 
sion by  fine  strands  of  connective  tissue  into  definite  and  rather 
large  lobules.  Elsewhere  it  presents  a  lamellated  appearance,  no 
lobules  being  visible.  The  mass  is  rather  elastic  in  consistency  and 
on  pressure  a  fatty  material  is  expressed.  Microscopic  examination 
reveals  a  pure  lipoma  with  areas  of  hemorrhage. 

Anatomical  Diagnosis, — Lipoma  with  numerous  areas  of  hemor- 
rhage. 

Refekences. 

HiLLBK.  T.)       Ueber  Darmlipome,  B^ttrOig  t.  klm.  Chir.,  X899,  XXIV,  509. 
Ward,  S.  B.     lipaom  of  the  Intestine,  Albany  Mbdical  Amnals,  Z004.  XXV.  14. 
Dbwis^  J*|W.    a  Small  Fibroma  of  the  Ileum  reeultisg  in  Obstruction  of  the  Bowel,  with 

a  Coniiderationlof  Various  Forms  of  Benign  Intestinal  Tumor.    BaslcH 

Medical  and  Sitrgtcal  Jonmai,  1906.  CLV,  4*7. 


RUPTURE  OF  UTERUS  DUE  TO  A  FIBROMYOMA. 

By  WM.  a.  KRIEGER,  M.D., 
Pathological  House-Officer  to  the  Albany  HospitaL 

Rupture  of  the  uterus  may  take  place  from  a  variety  of  causes, 
as  external  violence,  blows,  falls  or  kicks.  It  may  rupture  from 
internal  traumatisms  as  from  the  application  of  forceps,  attempts 
at  version  or  the  introduction  of  a  hand  into  the  uterus  or  by 
vehement  muscular  efforts  to  overcome  some  disparity  between 
''  passage  and  passenger  "  as  by  malpresentation,  hydrocephalus, 
spina  bifida,  sacrococcygeal  tumors,  rigid  os,  contracted  pelvb, 
tumors  of  pelvis  and  cicatrices,  in  which  cases  it  is  usually  trans- 
verse through  the  lower  segment.    Or  it  may  lacerate  because 
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of  some  disease  of  the  organ  itself  as  interstitial  pregnancy, 
bicornuate  uterus,  degeneration  of  the  muscle,  scars  after 
Caeserian  section,  or  rarely,  tumors  such  as  carcinoma  and 
myomata.  In  the  following  case,  for  the  privilege  of  reporting 
which,  I  am  indebted  to  Dr.  G.  C.  Madill,  of  Ogdensburgh,  N.  Y., 
we  have  to  deal  with  the  latter  condition. 

CuNicAL  Notes. 

Mrs.  M.,  twenty-six  years  of  age,  housewife. 

Past  History. — Patient  has  been  married  5  years,  but  has  never 
been  pregnant.  Menstruation  has  been  regular  but  rather  excessive. 
During  the  Fall  of  1906  she  had  an  attack  of  severe  pain  and  some 
uterine  hemorrhage  and  was  ill  for  two  weeks.  From  that  time  to 
present  illness  has  been  apparently  perfectly  well. 

Present  Illness, — ^July  8,  1907,  she  began  to  have  pain  in  the  lower 
abdominal  region.  During  the  night  of  July  8,  she  was  taken 
with  severe  pain  in  the  abdomen,  vomiting  and  faintness.  When 
patient  was  seen  she  showed  every  evidence  of  peritoneal  hemorrhage 
and  was  advised  to  enter  the  hospital.  On  entering  hospital  patient 
was  in  the  condition  of  shock. 

Laparatomy  was  immediately  pertormed.  The  abdomen  contained  a 
large  quantity  of  blood  and  a  tumor  was  found  partially  extruded  from  a 
rent  in  the  wall  of  the  uterus.  The  tumor  was  removed  and  the  uterus 
amputated  above  the  cervix.  Patient  made  an  uneventful  recovery  and 
was  discharged  from  the  hospital  July  27,  1907. 

Pathological  Report. — ^The  material  for  examination  consists  of  two 
masses,  one  a  uterus  the  other  a  tumor  mass. 

The  tumor  mass  is  roughly  spheroidal  measuring  12  x  10  cm.,  has 
no  capsule,  is  somewhat  coarsely  lobulated,  exceedingly  firm  and 
reddish  gray  in  color.  In  the  center  there  is  a  cavity,  the  result  of 
cystic  transformation.  The  cut  surface  presents  a  grayish  smooth, 
glistening,  translucent  surface  outlined  here  and  there  by  denser 
fibrous  areas.    In  places  it  shows  necrosis  and  hemorrhage. 

The  uterus  is  greatly  distorted;  the  only  portion  normal  is  the 
fundus  to  which  are  attached  on  either  side  the  Fallopian  tubes. 
These  are  cut  short  and  the  ovaries  are  not  present  Uterus  measures 
8  cm.  in  length  and  5  cm.  across  the  fundus.  The  thickness  of  the 
wall  at  the  fundus  is  about  normal  The  remainder  of  the  wall  is 
transformed  into  a  thin  fibrous  membrane  which  in  places  is  so  thin 
that  it  is  transparent  and  is  freely  torn.  The  outer  surface  shows  a 
few  adhesions.  The  inner  surface  is  marked  by  an  irregular  inter- 
lacing network  of  fibrous  tissue  and  muscle  bundles.  In  several 
places  this  thinning  of  the  wall  involves  the  cervix  which  as  such 
cannot  be  recognized.  The  mucosa  which  remains  is  transformed 
into  a  smooth,  glistening  membrane  with  small  polypoid  protuberances. 

Microscopic  examination  of  the  tumor  shows  that  it  is  composed 
of  bands  of  smooth  muscle  and  connective  tissue  coursing  in  various 
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directions,   the   muscular   tissue   in   parts   being  cellular   and   deep- 
staining.    Throughout  the  tissue  extensive  necrosis  is  present 

Anatomical  Diagnosis. — Fibromyoma  of  uterus  causing  thinning  of 
uterine  wall  and  rupture. 

It  is  not  a  simple  matter  to  explain  the  sequence  of  events 
which  led  to  the  rupture  of  the  uterus,  but  it  would  appear  to 
be  due  to  a  thinning  of  the  uterine  wall  (a  pressure  atrophy) 
caused  by  the  pressure  of  a  large,  apparently  submucous,  myoma 
interfering  with  the  blood  supply.  A  careful  review  of  the  litera- 
ture of  rupture  of  the  uterus  as  presented  by  the  Index  Medicus 
and  the  catalogue  of  the  Surgeon-General  Library  fails  to  reveal 
a  similar  case. 


BENDER  HYGIENIC  LABORATORY. 

Annual  Report  of  the   Director  for  the  Year  Enwng 
August  31,  1907. 

To  the  Trustees  of  the  Bender  Hygienic  Laboratory: 

I  have  the  honor  to  submit  my  report  for  the  year  ending 
August  31,  1907. 

The  Work  of  the  Laboratory. — ^The  routine  examinati(Mis  of 
all  kinds  are  summarized  in  the  following  table: 

Routine  Examinations  Made  by  the  Staff  of  the  Bender  Labosa- 
ATOKY  ntoM  September  i,  1906,  to  August  31,  1907. 


« 

Albany 
Homttd. 

StPtoter^ 

Ghlkl'f 

MwgMH'f 

Hook. 

State 
Depart- 
mebtof 
Health. 

Qty 
Board 

of 
Health. 

An 

Other 

Souroea. 

Totata. 

Awtopriw 

1.071 
85 

4 
872 

45 

17 
20 

2 

2.170 

8.126 

78 
154 

297 

18i 

Qmnl  tiMMolocy  4 

1.617 
5,721 

Totab 

i.m 

421 

» 

2,170 

8,126 

620 

7,477 

The  only  important  change  in  our  routine  work  has  been  the 
withdrawal  of  the  water  examinations  for  the  State  Department 
of  Heahh.  These  are  now  made  by  the^State  Hygienic  Labora- 
tory.   In  place  of  this  work  we  give  two  courses  of  instruction 
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in  bacteriology  to  such  health  officers  of  the  State  as  care  to 
attend.  These  courses  are  given  twice  a  year,  each  course  cover- 
ing a  period  of  one  week. 

Laboratory  courses  for  undergraduates  of  the  Albany  Medical 
College  have  been  given  as  follows: 

1.  Normal  Histology. — Drs.  Beilby  and  Douglas,  six  hours  a 
week. 

2.  Pathology  and  Bacteriology. — Drs.  Pearce,  Baldauf,  Schai- 
ble,  Robinson  and  Hacker,  seven  and  a  half  hours  a  week. 

3.  Clinical  Microscopy. — Drs.  Laird  and  Rulison,  two  and  a 
half  hours  a  week. 

4.  Surgical  Pathology. — Drs.  Elting,  Carey  and  Sibley,  two 
and  a  half  hours  a  week. 

5.  Histology  and  Pathology,  in  connection  with  the  course  in 
Obstetrics. — Drs.  Lipes  and  Douglas,  two  and  a  half  hours  a 
week. 

6.  Anatomy  and  Pathology  of  the  Nervous  System. — Dr. 
Archambault,  two  and  a  half  hours  a  week. 

7.  Experimental  Physiology  (Second  year). — Dr.  Jackson, 
four  hours  a  week. 

8.  Demonstrations  in  Physiology  (First  year). — Dr.  Becker, 
two  hours  a  week. 

It  will  be  seen  that  the  only  changes  have  been  the  introduction 
in  the  first  and  second  years,  of  courses  in  experimental  physiol- 
ogy under  the  direction  of  Drs.  H.  C.  Jackson  and  E.  W.  Becker. 

Among  those  who  have  availed  themselves  of  the  opportunity 
to  work  in  the  laboratory  for  considerable  periods  of  time  are 
Dr.  H.  S.  Rowe  of  Ballston,  Drs.  W.  L.  Huggins  and  S.  S.  Ham 
of  Schenectady,  Drs.  A.  H.  Traver,  W.  H.  Kelly  and  H.  P. 
Carpenter  of  Albany,  Messrs.  J.  L.  Donhauser,  E.  E.  Tredway, 
S.  Friedman,  R.  P.  Harris,  E.  S.  Haswell,  Nelson  Fronmi, 
W.  H.  Davidson  and  E.  W.  Jackson  of  the  Albany  Medical 
College.  These  have  assisted  in  the  routine  work  of  the  labora- 
tory, pursued  special  lines  of  study  or  engaged  in  research  work. 

Investigations  completed  during  the  year  are  as  follows: 

I.  Dawes,  S.  L.,  and  Jackson,  H.  C,  The  Physiologic  Action, 
Elimination  and  Therapeutic  Application  of  Sodium  Cacodylate 
Used  Hypodermatically.  Journal  of  the  American  Medical 
Association,  1907,  XLVIII,  2090. 

18 


Digitized  by  VjOOQ IC 


158  BENDER  HYGIENIC  LABORATORY 

2.  Baldauf,  L.  K.,  An  Investigation  of  the  Nature  of  Proteid- 
Soap  Compounds  and  of  the  Micro-chemical  Staining  of  Pure 
Fats  and  Lipoids  by  Scharlach  R  and  Sudan  IIL  Journal  of  the 
American  Medical  Association,  1907,  XLIX,  642. 

3.  Chandler,  G.,  and  Baldauf,  L.  K.,  Lipoma  of  the  Intestine 
Occurring  in  a  Child  Thirteen  Months  Old  and  Causing  Symp- 
toms of  Intestinal  Obstruction.  Annals  of  Surgery,  1907,  XLV, 
836. 

4.  Jackson,  H,  C,  and  Pearce,  R.  M.,  Experimental  Liver 
Necrosis.  I.  Hexon  Bases.  Journal  of  Experimental  Medicine 
(in  press). 

5.  Pearce,  R.  M.,  and  Jackson,  H.  C,  Experimental  Liver 
Necrosis.  II.  Enzymes.  Journal  of  Experimental  Medicine 
(in  press). 

6.  Pearce,  R.  M.,  and  Jackson,  H.  C,  Experimental  Liver 
Necrosis.  III.  Nitrogenous  Metabolism.  Journal  of  Experi- 
mental Medicine  (in  press). 

7.  Jackson,  H.  C,  and  Pearce,  R.  M.,  Experimental  Liver 
Necrosis.  IV.  Nuclein  Metabolism.  Journal  of  Experimental 
Medicine  (in  press). 

8.  Jackson,  H.  C,  and  Pearce,  R.  M.,  Experimental  Liver 
Necrosis.  V.  Fats  and  Lipoids.  Journal  of  Experimental 
Medicine  (in  press). 

9.  Archambault,  L.,  The  Inferior  Longitudinal  Bundle  and 
Geniculo-Calcarine  Fasciculus  with  Remarks  on  the  Stratum 
Sagitalle  Extremum  Temporo-occipitale.     (  Publication  deferred. ) 

10.  Archambault,  L.,  and  Baldauf,  L.  K.,  A  contribution  to  the 
Pathogeny  of  Spastic  Rigidity  of  Childhood.  Albany  Medical 
Annals  (in  press). 

11.  Archambault,  L.,  and  Sawyer,  H.  P.,  Cerebral  Abscess 
as  an  Associated  Lesion  in  Acute  Purulent  Meningitis.  Albany 
Medical  Annals  (in  press). 

12.  Shaw,  H.  L.  K.,  and  Baldauf,  L.  K.,  Congenital  Stenosis 
of  the  Duodenum;  Report  of  a  Case.  Archives  of  Pediatrics 
(in  press). 

13.  Hacker,  C.  W.  L.,  Concerning  the  Appearance  of  Glycuro- 
nic  Acid  in  Certain  Conditions  of  Diminished  Oxidation.  (Pub- 
lication deferred). 

Of  these  investigations,  the  fourth  to  eighth,  inclusive,  were 
conducted  under  grants  from  the  Rockefeller  Institute  for  Medi- 
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cal  Research;  the  second  and  thirteenth  under  grants  from  the 
Committee  on  Scientific  Investigation  of  the  American  Medical 
Association,  and  the  greater  portion  of  the  expense  of  the  investi- 
gations in  Neuro-pathology  was  met  by  Dr.  Henry  Hun. 

Changes  in  the  Staff, — Dr.  L.  K.  Baldauf  resigned  June  ist 
to  accept  a  position  as  Assistant  City  Pathologist  of  St.  Louis, 
Mo.,  and  in  his  stead  has  been  appointed  Harold  Paine  Sawyer 
(B.  S.,  Univ.  of  Alabama,  1902;  M.  D.,  Johns  Hopkins  Medical 
School,  1906).  Dr.  Frank  George  Schaible  resigned  July  ist 
in  order  to  become  Assistant  in  the  Qinical  Laboratories  of  the 
Manhattan  State  Hospital,  Ward's  Island,  N.  Y.,  and  has  been 
succeeded  by  Clinton  Benjamin  Hawn  (B.  S.,  Union  University, 
1903;  M.  D.,  Albany  Medical  College,  1906).  Dr.  Fletcher 
Robinson  resigned  June  ist  in  order  to  become  Pathologist  to  the 
Mercy  Hospital,  Pittsburg,  Pa.,  and  was  succeeded  by  C.  W.  L. 
Hacker  (M.  D.,  Albany  Medical  College,  1905),  who  for  the 
past  year  has  been  connected  with  the  laboratory  as  Pathological 
House  OflScer  to  the  Albany  Hospital.  To  this  latter  position 
for  the  year  ending  June  30,  1908;  William  Andrew  Krieger 
(M.  D.,  Albany  Medical  College,  1906)  has  been  appointed  by 
the  Board  of  Governors  of  the  Hospital. 

I  wish  here  to  express  my  appreciation  of  the  great  benefit 
to  the  laboratory  of  the  assistantship  in  neuro-pathology  sup- 
ported by  Dr.  Henry  Hun,  and  of  the  two  assistantships  in  surgi- 
cal pathology  supported  by  Drs.  Albert  Vander  Veer,  W.  G. 
Macdonald  and  Arthur  W.  Elting.  To  one  of  the  latter  positions, 
newly  created,  has  been  appointed  Dr.  T.  Frederick  Doeschcr 
(M.  D.,  Albany  Medical  College,  1906.) 

I  wish  also  to  express  my  appreciation  of  the  services  of  Dr. 
J.  Lewi  Donhauser  who  for  the  greater  part  of  the  year  acted 
as  voluntary  assistant  and  who  has  recently  been  appointed 
Resident  Pathologist  to  the  Pennsylvania  Hospital  of 
Philadelphia. 

Mr.  George  Edward  .Willcomb,  S.  B.,  continues  as  Assistant 
Chemist  and  Bacteriologist  in  charge  of  the  Albany  Filtration 
Plant. 

Improvements. — ^Aside  from  necessary  repairs  the  only  im- 
portant changes  have  been  the  installation  of  a  projection  lantern 
and  the  proper  curtaining  of  the  lecture  room  for  the  use  of  the 
same. 
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The  Bender  Laboratory  Club. — ^This  organization,  now  in  its 
third  year,  has  continued  most  active.  The  guests  during  the 
past  year  were  Dr.  Eugene  L.  Opie  of  the  Rockefeller  Institute 
for  Medical  Research,  New  York,  who  presented  a  review  of 
his  work  on  the  "  Enzymes  of  Phagoc)^c  Cells  in  Inflammatory 
Conditions,"  and  Dr.  David  L.  Edsall,  Assistant  Professor  of 
Medicine  at  the  University  of  Pennsylvania,  who  discussed 
"  Occupational  Poisonings." 

Respectfully  submitted, 

RICHARD  M.  PEARCE, 

Director. 
October  1,1907. 
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NOTE. 

^T^HIS  voltune  comprises  the  publications  of  the  Bender 
Hygienic  Laboratory  for  the  year  ipoy-'oS.  Some  of 
these  have  appeared  elsewhere,  but  for  the  sake  of  uniformity 
have  been  reprinted  from  the  Bender  Laboratory  Number 
(January,  1909)  of  the  Albany  Mbdical  Annals.  The  object 
of  again  presenting  these  studies  is  to  bring  them  in  collected 
form  before  those  especially  interested  in  the  laboratory  or  its. 
work. 

RICHARD  M.  PEARCE. 
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1^fcbar^  flD.  pearce^  flD.  S). 

Director  1903-1908 

Dr.  Richard  M.  Pcarce  was  appointed  director  of  the  Bender 
Hygienic  Laboratory,  September  i,  1903.  Leaving  his  position 
with  the  padiological  department  of  the  University  of  Pennsyl- 
vania, Dr.  Pearce  came  to  Albany  and  began  at  once  what  proved 
to  be  a  most  successful  and  satisfactory  work.  In  the  Albany 
Medical  College  he  became  an  able  and  efficient  teacher  of 
pathology,  bacteriology  and  histology  and  was  elected  to  full 
professorship  after  his  first  year,  which  position  he  held  with 
credit  to  the  Medical  College  and  honor  to  himself  until  his  resig- 
nation, September  i,  1908.  The  contract  work  done  by  the 
laboratory  under  Dr.  Pearce  for  the  State  of  New  York  and  the 
city  of  Albany  in  the  examinations  of  water,  blood,  sputum,  cul- 
tures, etc.,  was  well  and  promptly  done  and  gave  entire  satisfac- 
tion. In  addition  to  the  teaching,  state  and  city  work,  autopsies 
and  padiological  work,  Dr.  Pearce  carried  on  an  independent  line 
•of  research  work,  much  of  which  was  published  and  is  a  distinct 
contribution  to  scientific  medicine.  The  marked  business  ability 
and  executive  skill  of  Dr.  Pearce  contributed  much  to  the  finan- 
cial success  of  the  laboratory  during  his  directorship. 

As  evidence  of  their  high  appreciation  of  his  sterling  worth, 
this  minute  is  hereby  inscribed  by  the  Trustees  of  the  Bender 
Hygienic  Laboratory. 
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6  CXYCUSONIC  ACID  IN  CEITAIN  CONDITIONS 

9tioinaI  Commnnications 

THE  APPEARANCE  OF  GLYCURONIC  ACID  IN 

CERTAIN  CONDITIONS  OF  DIMINISHED 

OXIDATION.* 

By  C  W.  LOUIS  HACKER,  M.  D. 
JmHructcr  tn  Snrgie^  Pathology,  Atbomy  Modieal  CoUogo, 

Oooesiderable  scientific  interest  liu  recently  been  «toased 
"witk  reference  to  the  origin  and  importance  of  gljrcmoatc 
acid  or  its  conjugate  salts  in  carbohydrate  metabolism,  and 
especially  in  diabetes  mellitus.  Paul  Mayer,  in  a  series  of 
papers,  advanced  the  view  that  since  glycuronic  add  repre- 
sents the  first  step  in  the  progressive  oxidation  of  dextrose 
into  COf  and  H^O,  this  compound  would  necessarily  appear  as 
an  incompletely  oxidized  product  of  dextrose  combnstion 
when,  as  in  the  incipient  stages  of  diabetes,  the  body  wis  be- 
ginning to  lose  its  power  to  oxidize  the  carbohydrates.  In 
substantiation  of  this  Mayer^'  presented  the  results  of  the 
study  of  some  cases  of  so-called  incipient  diabetes  and  of 
dyspnea  in  which  he  detected  the  elimination  of  glycuronates 
in  quantities  far  in  excess  of  the  normal.  So  far  as  I  am 
aware,  no  further  notice  of  this  point  has  been  taken  clinically, 
although,  theoretically  considered,  the  presence  of  this  com- 
pound in  the  urine  would  be  an  invaluable  aid  in  indicating^ 
early  stages  of  diabetes. 

This  short  communication  deals  with  the  search  for  gly- 
curonates in  the  urine  of  patients  exhibiting  glycosuria  of 
diabetic  or  other  origin  and  of  those  who  had  undergone  oper- 
ations in  which  ether  or  chloroform  had  been  employed.  It  is 
well  known  that  under  conditions  of  anesthesia  the  oi^nism 
finds  itself  in  a  state  of  diminished  oxidation  and  also  that  at 
such  times,  more  especially  after  the  use  of  chloroform,  the 

*  Pram  the  Department  of  Physiological  Chemittry,  Bender  Laboratory.  This  invetti- 
flation  was  pursued  under  a  grant  made  by  the  Committee  on  Scientific  Research  of  the 
American  Medical  Association.  The  eariier  part  of  the  woric  was  done  In  coUaboration 
with  Dr.  H.  B.  Robertson,  formerly  an  assistant  in  the  Bender  Labormtory.  who  made  a 
preliminary  report  at  the  Boston  meeting  (1906)  of  the  American  lledical  Association. 
Pnbliahed  also  In  Jomr.  Am.  Mod,  Aiooc,^  1908.  L.  as  a. 

>lfayer  (Paul):  UnvoUkommene  Zucker  oxydation  im  Organismns.  DouUcko  Mod, 
Wocksthr.,  X90X,  No.  x6,  943;  ibid.,  xqoz.  No.  27,  943;  ibid,  tgoi.  No.  27,  p.  s6s. 
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urine  voided  after  operation  not  infrequently  shows  a  positive 
(?)  reaction  to  Fehling's  test.  With  these  points  in  mind, 
it  seemed  advisable  to  conduct  a  second  series  of  tests  on 
urine  eliminated  under  these  various  conditions  and  to  attempt 
to  decide  to  what  could  be  attributed  the  reducing  power 
noticed. 

Methods. — In  the  first  series  of  tests  the  glycosuric  urines 
were  examined  quantitatively  as  follows :  By  means  of  Feh- 
ling's  and  Gerrard's  titration  methods,  by  Lohnstein's  newest 
model  of  saccharometer  and  by  polarization  before  and  after 
fermentation. 

In  the  second  series  of  determinations  qualitative  examina- 
tion was  made  before  and  after  yeast  fermentation,  using  Feh- 
ling's,  Nylander's,  phenylhydrazin,  orcin  and  polarization 
tests.  In  this  way  it  was  expected  that  the  appearance  of 
any  substance  other  than  dextrose  could  be  detected.  In  con- 
nection with  the  postoperative  urines  a  portion  voided  within 
twenty-four  hours  preceding  the  operation  was  examined  as 
a  control  in  the  same  manner  as  the  postoperative  sample. 
The  anesthetics  were  given  in  the  usual  way,  with  the  excep- 
tion that  when  chloroform  was  employed  oxygen  was  admin- 
istered in  a  more  or  less  uniform  ratio  to  the  anesthetic,  this 
ratio  depending  on  the  character  of  the  operation.  On  the 
average  the  administration  amounted  to  fifteen  minims  of 
chloroform  and  three  to  four  liters  of  oxygen  per  minute. 

Before  the  results  are  discussed  it  becomes  essential  to  call 
attention  to  some  points  as  regards  the  manner  in  which  the 
various  tests  were  performed.  No  qualitative  copper  test  for 
dextrose  in  the  urine  is  so  widely  employed  as  Fehling^s,  while, 
at  the  same  time,  none  is  so  carelessly  performed.  As  a  re- 
sult, ambiguous  findings  are  constantly  obtained  and  errors 
in  diagnosis  frequently  occur.  The  main  purpose  in  view, 
when  the  test  is  applied  to  the  urine,  is  to  detect  the  presence 
of  dextrose  as  against  other  reducing  bodies,  i.  e.,  uric  acid, 
creatinin,  pentoses,  lactose,  etc.  Since  grape  sugar  is  capable 
of  reducing  copper  much  more  readily  than  any  of  the  other 
compounds  which  might  simulate  it,  the  most  suitable  condi- 
tions for  the  test  are  as  follows:  First,  the  copper  should 
exists  in  its  riTost  active  or  ionized  condition;  second,  the 
quantity  of  the  other  reducing  substances  in  the  urine  must 
become  reduced  to  such  a  minimum  that  they  are  powerless  to 
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transform  the  copper  while  the  amounts  of  dextrose  still  pres- 
ent remain  active;  third,  the  mixture  should  never  be  boiled 
after  the  addition  of  the  urine.  The  first  two  conditions  are 
met  when  the  Fehling's  solution  is  diluted  and  the  urine  added 
in  much  smaller  quantities  than  is  usually  suggested  in  the 
various  text-books  on  urinary  analysis.  The  third  is  easily 
accomplished,  although  sufficient  importance  is  not  usually 
attached  to  it 

The  disadvantages  of  using  large  amotmts  of  urine  (an  equal  or  even  ^ 
one-half  volume  of  the  Fehling  solution)  are  two-fold.  In  the  first 
place,  the  strongly  alkaline  copper  solution,  e^»ecially  in  urines  of  hi^ 
specific  gravity,  throws  down  a  more  or  less  voluminous  precipitate  <A 
cupric  phosphate  which  takes  out  the  blue  color  of  the  solution  and 
changes  it  to  a  dirty  dark  green.  In  the  second  place,  the  alkaline  solutioii, 
acting  on  the  ammonium  salts  of  the  urine,  liberates  sufficient  anwnonia 
to  hold  in  solution  small  amounts  of  the  red  sub-oxid,  obviously  inter- 
fering with  the  detection  of  traces  of  dextrose.  Reductions  obtained  under 
such  circumstances  are  never  typical.  Very  frequently  under  these  oon- 
diticms,  and  particularly  if  the  mixture  has  been  boiled  even  for  only 
a  few  seconds  after  the  addition  of  the  urine,  the  greenish  solution  slowly 
takes  on  a  dark,  yellowish  brown  color,  then  becomes  more  turbid,  and 
eventually,  on  standing,  there  separates  out  a  finely  divided,  opalescent; 
yelk>wish  green,  cloud-like  precipitate,  which  only  setdes  out  completely 
after  the  tube  has  been  alk>wed  to  stand  over  night  In  certain  cases 
this  reaction  does  not  begin  until  a  few  minutes  have  els^sed  after  the 
addition  of  the  urine.  Such  a  reaction  may  be  termed  a  pseudo-reaction. 
We  recently  had  occasion  to  observe  such  changes  occurring  in  con- 
centrated urines  of  dogs  even  after  the  addition  of  omXy  eight  to  ten 
drops  of  urine.'  It  is  our  conviction  that  this  reaction  is  not  due  to  the 
presence  of  an  excessively  large  quantity  of  any  weak  reducing  com- 
pound, such  as  may  occur  in  the  urine,  but  rather  to  the  presence  of 
one  or  more  various  conditions,  a  few  of  which  are  outlined  above. 
The  partial  reduction  of  the  c(q>per  occurs  from  causes  other  than  the 
presence  of  dextrose,  since,  in  the  great  majority  of  sudi  cases,  when 
the  following  details  are  observed,  this  obscure  reaction  never  takes 
place. 

The  method  of  testing  urines  qualitatively  for  dextrose,  as 
*I  employ  and  recommend  it,  as  reducing  to  the  lowest  mini- 
mum the  possibility  of  the  above  errors  in  results,  and  as 
efficient  in  easily  detecting  dextrose  in  amounts  as  low  as 
5/100  per  cent.,  as  well  as  in  eliminating  the  reducing  action 
of  other  compounds,  is  as  follows :    The  sample  is  first  tested 

'  Pearae,  R.  M.,  ud  Jadoon,  H.  C,  The  Pfx>dtictkm  of  Cytotozie  Sent  by  tbe  Injecttoa 
«C  NudeopfDteidi.  Jom,of  Inf^  Dis„  xoo6«  xxx.  74* 
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carefully  for  coagulable  proteids ;  if  these  are  found  to  be  pres- 
ent they  are  removed  by  heat  and  acetic  acid.  About  four  to 
five  cubic  centimeters  freshly  prepared,  three  times  diluted 
Fehling's  solution  is  brought  just  to  the  boiling  point  and 
immediately  two  drops  of  the  proteid-free  urine  are  added  and 
the  tube  shaken  thoroughly.  If  the  urine  contains  over  two 
per  cent,  of  sugar  a  yellowish-red  precipitate  immediately  ap- 
pears, changing  gradually  to  a  brownish  red  or  bright  red  and 
which  settles  out  slowly,  leaving  a  greenish-blue  supernatant 
fluid.  Under  these  conditions  it  is  better  to  roughly  dilute 
the  urine  with  two  to  four  volumes  of  water,  according  to  the 
strength  of  the  reaction,  and  to  perform  the  test  again. 

With  strengths  of  dextrose  of  from  one-half  to  two  per  cent., 
two  drops  of  urine  tested  as  above  will  cause  a  characteristic 
precipitation  of  red  sub-oxid  of  copper  about  which  there  can 
be  no  doubt.  With  the  smaller  percentages  the  change  may 
come  slowly,  but  even  then  heat  need  not  be  applied  after  the 
urine  is  added.  The  blue  color  of  the  unchanged  Fehling's 
solution  takes  on  a  greenish  hue  and  a  turbidity  appears  which 
makes  the  mixture  look  somewhat  smoky.  This  is  caused  by 
a  very  finely  divided  yellowish  or  red  precipitate  appearing  in 
the  blue  solution.  Little  change  may  be  seen  by  transmitted 
light,  but  by  reflected  light  a  brownish-red  tint  is  evident, 
which  finally  develops  into  a  decided  light  red  precipitate, 
gradually  settling  out  and  leaving  a  clear  blue  supernatant 
fluid.  Such  a  change  is,  of  course,  the  typical  Fehling's  re- 
action, and  when  the  test  is  performed  with  such  diluted  urine 
as  above  indicated  the  reaction  can  only  be  ascribed  to  dex- 
trose. The  pentoses,  lactose  and  even  maltose,  by  this 
method,  do  not  give  this  characteristic  reduction.  Urines 
showing  this  reaction  always  give  a  reaction  with  Nylander's 
solution.    • 

If  no  change  occurs  in  the  Fehling's  solution  after  the  addi- 
tion of  two  drops,  as  above,  the  mixture  may  again  be  warmed 
just  to  the  boiling  point,  and  from  two  to  four  more  drops 
added  and  the  mixture  observed.  This  should  be  repeated 
until  in  all  twenty  drops  have  been  added.  If  nothing  occurs 
at  this  point  the  urine  does  not  contain  dextrose  to  the  extent 
of  five-tenths  per  cent.  As  a  routine,  one  then  adds  about 
one-half  as  much  Fehling's  as  there  is  urine,  boiling  for  ten 
seconds  in  order  to  obtain,  if  possible,  the  psuedo-reaction 
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described  above.  This  occurred  in  five  per  cent  of  the  aoraial 
urines  tested  by  us.  The  time  at  which  it  appears  on  standi 
ing,  and  the  depth  of  the  turbidity  and  yellowish-green 
opalescence  varies  in  a  manner  the  cause  or  reason  for  which 
we  are  as  yet  unable  to  explain  absolutely. 

Considerable  success  has  also  been  obtained  in  the  use  of 
Gerrard's*  solution  as  a  possible  substitute  for  Fehlingfs  quan- 
titative procedure;  while,  perhaps,  a  little  more  cumbersome 
in  its  preparation  than  Fehling's  solution,  the  sharpness  of  the 
end  point  in  the  titration  is  so  greatly  increased  that  it  can  be 
employed  in  some  urines  where  Fehling's  solution  is  impos- 
sible. Since  the  solution  has  found  so  little  recognition  in 
the  American  text-books,  I  detail  its  preparation  and  use. 

Dilute  loo  cubic  centimeters  of  Fehling's  solution  with  about 
300  cubic  centimeters  of  water;  boil  this  mixture,  at  the  same 
time  adding  cautiously  an  approximately  five  per  cent,  solu- 
tion of  potassium  cyanid  until  the  blue  color  has  just  disap- 
peared. Then  dilute  the  mixture  to  500  cubic  centimeters 
with  water  and  keep  in  a  stoppered  bottle  in  the  dark.  For 
the  titration  take  fifty  cubic  centimeters  of  this  solution  and 
add  ten  cubic  centimeters  of  Fehling^s  solution.  Boil  the  solu- 
tion in  a  porcelain  dish  and  run  in  from  a  burette  the  urine 
diluted  so  that  the  dextrose  strength  is  approximately  one- 
half  to  one  per  cent.  The  complete  reduction  qf  the  urine  is 
evidenced  by  the  complete  decolorization  of  the  blue  mixture. 
The  end  point  is  the  same  as  in  Pavy's  procedure,  without 
the  disadvantageous  presence  of  ammonia.  As  the  double 
copper  cyanid  undergoes  no  reduction,  the  calculation  takes 
place  in  the  same  manner  as  in  Fehling's  method,  in  which 
ten  cubic  centimeters  are  also  employed.  This  method  has 
been  controlled  with  Fehling's  procedure  and  the  two  give 
identical  results.  Gerrard's  method  is,  however,  the  easiest 
to  perform. 

Newmann's*  orcin  test,  serving  to  distinguish  the  pentoses, 
glycuronates  and  dextrose,  has  been  extensively  employed  and 
with  considerable  success.  Three  cubic  centimeters  of  the 
urine  are  treated  with  ten  drops  of  a  five  per  cent,  alcoholic 


*  Gemrd.  (A.  W.):  Cyankupferreacent  s.  BesUmmung  d.  Ghacote,  Jom.  dt  Pkarm,  §t  d^ 
Cfum.,  1896,  3.  950 '  Ck4m.  Centrhl.,  1896.  a,  135. 

*  Newmann.  (A).,  Netie  Parbenreaktion  der  2kicker.  Btrl,  kH$i,  WoduAr.»  1904,  No.  41 » 
1073. 
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orcin  solution  and  ten  cubic  centimeters  of  glacial  acetic  acid. 
The  mixture  is  then  brought  to  the  boiling  point  and,  after 
cooling,  concentrated  sulphuric  acid  is  added,  drop  by  drop, 
with  shaking,  until  about  twenty  drops  have  been  added.  In 
the  presence  of  pentoses  the  color  becomes  olive  green,  gly- 
curonates  turn  the  color  violet  and  dextrose  gives  a  carmine. 
The  other  tests  mentioned  above  were  performed  in  the 
usual  manner. 

RESULTS. 

In  the  first  series  of  examinations  384  samples  of  supposedly 
normal  urine  of  patients  in  the  hospitals  of  Albany  were  ex- 
amined in  the  hope  of  finding  the  pseudo-reaction  mentioned 
above  and  of  connecting  it  with  the  presence  of  glycuronic 
acid  or  glycuronates.  In  no  case  could  there  be  determined 
the  presence  of  these  latter  compounds  in  amounts  more  than 
the  normal  or  sufficient  to  render  it  of  value  for  diagnostic 
purposes. 

Fourteen  various  samples  of  glycosuric  urines  were  quan- 
titatively examined,  with  the  following  results:  Gerrard's 
and  Fehling's  quantitative  methods  agreed  to  within  one- 
tenth  per  cent.  The  results  by  the  saccharometer  were  uni- 
formly lower  and  usually  by  one-tenth  to  seven-tenths  per 
cent.  This  difference  agreed,  however,  with  surprising  ac- 
curacy with  that  found  in  the  polarization  determination  be- 
fore and  after  fermentation.  The  figures  obtained  by  sub- 
tracting  the  results  of  polarization  before  and  after  fermenta- 
tion correspond  to  saccharometer  readings  to  within  one-tenth 
per  cent. 

These  facts  indicate  that  both  quantitative  copper  tests  in- 
clude substances  which  are  not  dextrose  and  which  turn  the 
plane  of  polarized  light  to  the  left  to  the  extent  of  from  one- 
tenth  to  seven-tenths  per  cent,  (calculated  as  dextrose).  The 
saccharometer  readings  do  not  include  these  compounds,  hence 
they  are  not  fermentable.  As  a  conclusion  from  these  exam- 
inations we  may  say  that  in  these  urines  glycuronic  acid  or 
its  salts  was  not  present  in  excessive  amounts. 

In  the  second  series  of  examinations  attention  was  turned 
to  the  postoperative  specimens  in  the  hope  that  in  the  condi- 
tion of  diminished  oxidation  following  anesthesia  glycuronates 
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might  be  detected  in  abnormal  amounts.  All  the  samples 
were  voided  within  twelve  hours  after  operation.  In  all  273 
specimens  were  examined,  of  which  261  were  voided  after 
ether  anesthesia,  eleven  following  chloroform  and  one  after  a 
mixture  of  the  two.  Examination  of  the  urines  previous  to 
the  operations  showed  no  reducing  compounds  to  be  present. 
Subsequent  to  the  operations  eleven  samples  of  urine,  voided 
after  ether,  gave  positive  reductions  with  Fehling's  test,  and 
on  further  investigation  the  reducing  substance  was  shown  to 
be  dextrose  in  amounts  from  two-tenths  to  one  and  three- 
tenths  per  cent.  The  length  and  character  of  the  operation 
apparently  has  no  effect  on  the  amount  of  dextrose  eliminated. 
The  patients  were  persons  from  twenty  to  thirty-five  years  of 
age.  None  of  the  chloroform  samples  or  the  chloroform-ether 
sample  resulted  positively.  This  is  probably  to  be  explained 
by  the  use  of  oxygen  during  the  operation,  thereby  preventing 
diminished  oxidation  in  the  tissues. 


CONCLUSIONS. 

1.  Dextrose  appeared  in  four  per  cent,  of  261  samples  of 
urine  collected  after  operations  in  which  ether  was  employed. 

2.  Neither  glycuronic  acid  nor  its  conjugate  salts  are  elimi- 
nated in  the  urine  under  conditions  of  diminished  oxidation, 
such  as  occur  during  diabetes  mellitus  and  ether  or  chloroform 
anesthesia,  when  the  latter  is  combined  with  oxygen. 

3.  The  pseudo-reduction  obtained  in  about  five  per  cent,  of 
normal  urines  is  to  be  ascribed  to  faulty  methods  of  perform- 
ing the  test.  It  is  not  due  to  an  increase  in  amount  of  uric 
acid  or  creatinin. 
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A  CLINICAL  STUDY  OF  HYPERNEPHROMA,  WITH 
PATHOLOGICAL  REPORTS.* 

By  GEORGE  E  BEILBY,  M.  D. 

AssistaiU  AtUnding  Surgeon,  Albany  Hospital, 

Since  the  recognition  by  Grawitz  (i),  in  1883,  of  the  adrenal 
origin  of  a  certain  class  of  tumors  arising  in  the  kidney,  there 
has  appeared  an  abundance  of  literature  bearing  upon  the  sub- 
ject Grawitz's  views  were,  at  first,  vigorously  opposed  by 
Sudeck  (2),  Driessen  (3),  Hansemann  (4),  Hildebrand  (5), 
and  other  writers  of  note,  who  maintained  that  these  tumors 
were  of  endothelial  origin  and  denied  the  possibility  of  their 
relation  to  the  adrenal  body  or  aberrant  adrenal  tissue.  Later 
studies,  however,  entirely  confirmed  the  views  of  Grawitz; 
so  that,  at  present,  we  have  a  well-recognized  type  of  tumor 
arising  from  adrenal  tissue,  which  may  spring  from  a  normally 
placed  adrenal  body,  or  from  aberrant  adrenal  tissue.  The 
term  "hypernephroma,''  as  a  designation  of  this  class  of 
tumors,  was  first  employed  by  Birch-Hirschfeld  (6),  in  1896, 
who  recognized  "typical  and  atypical,  or  benign  and  ma- 
lignant hypernephromas,  and,  according  to  their  origin,  cor- 
tical and  medullary  forms."  This  term  has  come  to  include 
tumors  of  this  character  occurring  not  only  in  the  kidney,  but 
arising  from  adrenal  rests  outside  of  the  kidney  tissue;  so 
that,  at  present,  while  it  may  be  said  that  the  histogenesis  of 
these  growths  is  thoroughly  established  and  their  pathological 
anatomy  fairly  well  determined,  they  are  among  the  most  dif- 
ficult of  recognition  and  their  clinical  course  and  symptoms 
are  not  well  defined. 

The  importance  of  early  recognizing  these  tumors  is  ap- 
parent. As  a  rule,  in  the  early  stages  they  are  of  a  benign 
nature,  and  their  growth  slow ;  and  it  may  be  months,  or  even 
years,  before  they  metastasize,  or  present  other  signs  of 
malignancy. 

It  is,  therefore,  mainly  with  the  hope  of  adding  something 
to  the  meager  clinical  data  which  we  possess  in  regard  to  this 
condition,  rather  than  with  the  idea  of  adding  to  our  pathologi- 
cal knowledge,  that  this  series  of  cases  is  presented. 

*  PubUihed  alio  In  Smgny,  Gynnology  and  ObsittHcs,  1908,  (Sept.).  U.  *J9' 
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CLASSIFICATION  OF  CASES. 

Under  the  general  term  of  hypernephroma  are  included  all 
tumors  arising  from  adrenal  tissue,  whether  this  be  at  the 
normal  site  of  the  adrenal  gland,  from  adrenal  "  rests  "  within 
the  kidney  substance,  or  at  remote  localities  throughout  the 
body.  Further  classification  upon  a  purely  histologrical  basis 
has  been  attempted  by  some  pathologists.  Thus,  Ohlmacher 
(7)  designates  a  cortical  and  a  medullary  hypernephroma,  de- 
pending upon  whether  the  new  growth  reproduces  the  cortejc 
or  the  medulla  of  the  adrenal.  This  author  reports  a  case  ol 
"  malignant  medullary  hypernephroma."  I  have  been  unable 
to  find  other  cases  of  this  character  in  the  literature,  and  the 
cases  reported  in  this  series  have  the  histological  appearance 
of  the  cortical  rather  than  the  medullary  portion  of  the  adrenal, 
with  one  possible  exception.  It  is  probable  that  the  medullary 
form  of  growth  is  extremely  rare,  but  future  observations  may 
enable  us  to  develop  a  classification  upon  a  histologic  basis. 

It  seems  that  we  might  properly  designate,  at  least  clinically, 
a  benign  and  a  malignant  form,  for  it  is  well  known  that  many 
of  these  new  growths  may  exist  for  years  without  presenting 
evidences  of  malignancy,  while  others  rapidly  invade  the  sur- 
rounding tissues  and  metastasize  early ;  the  latter  group,  how- 
ever, may  represent  but  a  second  stage  of  the  former. 

Material.  The  material  forming  the  basis  of  this  report  com- 
prises eleven  tumors  removed  surgically,  and  examined  at  the 
Bender  Laboratory  during  the  past  twelve  years,  and  four 
autopsy  specimens,  which  have  accumulated  during  a  like 
period  of  time.  In  two  of  the  four  post-mortem  cases  the 
hypernephroma,  which  was  small,  occupied  the  normal  site  of 
the  adrenal  body.  Their  presence  was  not  suspected  during 
life,  the  patients  having  died  of  some  other  disease.  In  the 
other  two  autopsy  cases  the  hypernephroma  arose  within  the 
kidney,  in  one  of  which  were  revealed  two  definite  types  of 
growth — ^sarcoma  and  hypernephroma,  with  metastases  of  the 
former  growth  to  the  liver.  An  attempt  has  been  made  to 
obtain,  as  far  as  possible,  complete  clinical  histories  of  the 
surgical  cases  and  the  ultimate  results  in  each  instance. 

These  tumors  may  be  divided  as  follows : 

I.  Hypernephroma  (or  adenoma)  of  the  adrenal  body  (non- 
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malignant),  two  cases;  in  one  instance  the  growth  was  bi- 
lateral. 

2.  Hypernephroma  of  the  kidney  (hypernephroma  renis), 
nine  cases. 

The  two  cases  of  adrenal  hypernephroma  (adenomata)  were 
discovered  at  autopsy.  In  one  case  (Bender  Laboratory 
Records,  autopsy  No.  0-848),  that  of  a  woman  aged  sixty, 
death  was  due  to  chronic  diffuse  nephritis  and  thrombosis  of 
the  superior  longitudinal  sinus.  The  right  adrenal  measured 
4  X  4.5  X  1.5  cm.,  and  within  its  medullary  portion  was  an  oval 
yellowish  mass,  measuring  1x2x2  cm.,  surrounded  by  well- 
defined  adrenal  cortex.  The  mass  was  apparently  a  small 
adrenal  tumor.  Its  cut  surface  was  greyish-yellow  in  color. 
Microscopical  examination  showed  the  tumor  to  be  composed 
of  adrenal  tissue. 

The  other  case  was  one  of  dementia  paralytica  (Bender 
Laboratory  Records,  autopsy  No.  0-497).  Male,  age  not 
stated. 

Anatomical  diagnosis.  Arteriosclerosis  of  aorta,  iliac,  and 
coronary  arteries.  Brown  atrophy  of  heart,  with  slight  in- 
terstitial myocarditis  (papillary  muscles).  Senile  emphysema 
of  lungs  with  healed  tuberculous  foci  and  acute  bronchopneu- 
monia. Slight  chronic  passive  congestion  of  liver.  Bilateral 
hypemephromata  (adenomata)  of  adrenals.  Here  both  ad- 
renals showed  the  presence  of  new  growths,  the  one  in  the  left 
small,  but  in  the  right  the  growth  forms  a  distinct  nodule 
eight  millimeters  in  diameter,  which  is  composed  of  yellow, 
cortical  substance. 

In  neither  of  these  cases  do  the  records  show  that  the  ad- 
renal growth  presented  any  symptoms  during  life  which  could 
be  attributed  to  their  presence.  They  are  reported  in  this 
connection  only  to  complete  our  series. 

Hypernephroma  renis.  Nine  cases.  Surgical  seven,  autopsy 
two.  During  twelve  years,  in  which  time  1,200  autopsies  have 
been  performed  at  the  Bender  Laboratory,  we  have  en- 
countered but  two  instances  of  hypernephroma  having  its 
origin  within  the  kidney.  While  I  have  been  unable  to  obtain 
any  clinical  data  of  these  cases,  the  pathological  reports  seem 
of  sufficient  interest  to  warrant  recording. 
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Case  i.  Autopsy  by  Dr.  Blumer  (Autopsy  Records,  autopsy  No.  ii). 
Only  a  partial  autopsy  was  made  about  thirty-six  hours  after  death. 
Aged  male. 

Adrenals.    Normal. 

Right  kidney.  Capsule  strips  off  with  some  difficulty,  tearing  away 
small  pieces  of  kidney  substance.  The  surface  shows  well-marked  fetal 
lobulations.  It  is  finely  granular  and  somewhat  congested.  At  one  point, 
a  cyst  the  size  of  a  walnut,  and  containing  a  clear  fluid,  projects  from  it. 
On  section,  the  cortex  is  considerably  diminished.  Cortex  markings  indis- 
tinct. Gbmeruli  visible  and  pale.  Medulla  congested,  but  otherwise 
normal.    Pelvis  normal. 

Left  kidney.  The  position  of  the  left  kidney  is  occupied  by  a  mass 
the  size  of  two  fists.  It  has,  in  general,  a  kidney  shdipe.  Its  surface  is 
coarsely  lobulated,  and  is  adherent  to  the  surrotmding  structure  by  firm 
adhesions.  Its  consistence  is  moderately  firm.  On  section,  it  presents  a 
mottled  appearance.  Its  main  bulk  is  made  up  of  a  greyish-white,  trans- 
lucent, homogeneous  structure.  Here  and  there,  are  areas  of  this  struc- 
ture which  have  taken  on  a  g^reenish  color,  presumably  the  result  of 
degeneration.  This  appearance  varies  from  greenish  to  a  dry,  chrome 
yellow,  the  tissue  in  the  latter  event  resembling  very  strikingly  the 
appearance  of  the  cortical  adrenal  substance.  The  adrenal  gland  on  the 
same  side  is  attached  to  the  tumor  mass,  but  apparently  not  invaded  by 
tumor  substance.  At  one  point  is  an  area,  some  three  centimeters  in  each 
direction,  lined  by  smooth,  mucous  membrane.  This  lies  in  the  part  of 
the  tumor  which  corresponds  to  the  hilum  of  the  kidney,  and  is  pre- 
sumably the  remains  of  the  pelvis.  Considerable  portion  of  medulla 
of  kidney  remains  unchanged,  growth  springing  from  cortex. 

Aorta  shows  extensive  atheromatous  changes,  with  marked  calcification. 

Liver.  The  organ  has  a  peculiar  shape.  Right  lobe  is  much  elongated 
in  downward  direction.  Left  lobe  is  very  small.  Surface  is  free  from 
adhesions,  a .  brownish-red  color.  Scattered  over  the  surface  are  a  num- 
ber of  yellowish,  slightly  elevated  nodules,  varying  in  size  from  a  pea  to 
a  marble.  On  section,  the  organ  is  somewhat  cloudy.  Nodules  seen  on 
the  surface  are  found  to  extend  into  the  substance  of  the  organ.  The 
depth  of  their  extension  generally  corresponds  to  their  surface  diameter. 
Scattered  through  the  substance  of  the  organ  in  its  depths  are  a  number 
of  similar  nodules.  On  section,  they  have  a  homogeneous,  whitish-yellow, 
translucent  appearance.  The  walls  of  the  gall-bladder  are  thickened.  It 
contains  small  amount  of  thick,  mucus-like  material  and  three  or  four 
dark,  facetted  gall-stones  the  size  of  marbles. 

Anatomical  diagnosis.  Primary  sarcoma  of  left  kidney.  Metastases 
to  liver  and  retroperitoneal  glands.  Chronic  diffuse  nephritis  with  cyst 
formation.  Cholelithiasis.  Hypertrophy  of  the  prostate.  Contracted 
bladder.    Atheroma  of  aorta. 

The  Tumor. 

The  tumor  presents,  in  different  parts  of  its  substance,  two  entirely 
different  structures.  In  places  one  type  predominates  over  a  large  area; 
in  places  the  other  type  predominates  over  a  large  area;  while,  in  still 
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Other  places,  the  two  adjoin  each  other,  the.  one  apparently  invading 
the  other,  as  will  be  described  below.  The  one  type  of  tumor  presents 
the  following  appearances:  Under  the  low  power,  it  is  apparently  made 
up  of  a  series  of  fairly  regular  spaces,  having  thin  walls,  and  containing 
a  few  scattered  nuclei.  Under  the  high  power,  it  is  seen  that  the  walls 
of  these  spaces  are  made  up  of  fine  bands  of  connective  tissue.  The| 
spaces  are  lined,  in  some  places,  by  fiat  cells  similar  to  those  lining  those 
of  normal  blood  or  lymph  vessels.  The  scattered  nuclei,  which  were  seen 
with  the  lower  power  in  the  spaces,  can  now  be  made  out  to  belong  to 
large,  exceedingly  pale  cells,  which  fill  the  spaces,  and  which  are  ap- 
parently proliferated  endothelial  cells.  At  no  place  in  the  section,  which 
is  an  alcohol-hardened  one,  can  red  blood  corpuscles  be  seen,  notwith- 
standing the  fact  that  their  shadows  can  easily  be  made  out  in  the 
adjacent  vessels.  At  one  or  two  places  in  the  tumor  spaces  are  objects 
which  suggest  shadows,  and,  in  an  occasional  space,  the  polynuclear  leuco- 
cytes may  be  seen.  There  are  distinct  blood-vessels  running  through 
the  tumor,  but  no  connection  can  be  made  out  between  them  and  the 
spaces.  Although  the  tumor  presents  all  the  appearances  of  an  angiosar- 
coma, it  seems  probable  that  it  sprung  from  the  lymph  and  not  the 
blood  vessels. 

The  other  type  of  tumor,  present  in  the  growth,  is  made  up  of  cells 
without  any  definite  arrangement,  between  which  run  irregular  bands  of 
connective  tissue.  The  cells  in  this  growth  vary  considerably  in  size 
and  appearance.  Taken  as  a  whole,  they  are  large  cells.  Their  shape 
varies,  some  being  round,  some  oval,  and  many  of  them  quite  irregular. 
The  amount  of  protoplasm  varies,  some  showing  but  a  narrow  rim,  while 
in  others  the  amount  is  great.  The  nuclei  have  a  peculiar  refractive 
look,  and  the  chromatic  network  is  very  sharply  marked.  Scattered 
throughout  the  ttmior  are  quite  a  number  of  multi-nucleated  cells,  many 
of  which  are  large  enough  to  deserve  the  name  giant  cell,  and  some  of 
which  have  distinct  budding  nuclei,  such  as  are  seen  in  certain  cells  of 
the  bone  marrow.  Where  the  two  types  of  tumors  meet,  one  gets  the. 
impression  that  the  angiosarcoma  is  being  invaded  by  the  other  growth, 
and  the  invasion  is  apparently  taking  place  by  the  progression  of  the 
latter  along  the  connective  tissue  of  the  former. 

Lwer,  Outside  of  the  metastasis  to  be  described  later,  the  liver  shows 
areas  of  localized  dilatation  of  the  blood-vessels  (probably  from  pressure 
of  tumor  nodules),  a  swollen  and  g^ranular  condition  of  the  liver  cells, 
and  occasional  fat  spaces.  The  tumor  metastasis,  which  causes  a  certain 
amotmt  of  compression  of  the  surrounding  liver  substance,  resembles  the 
second  type  of  g^rowth  described.  The  cells,  however,  do  not  diflfer 
nearly  so  much  in  size  as  they  did  in  the  original  growth,  nor  are  there 
present  any  such  number  of  the  large  multinuclear  cells,  or  of  the  cells 
with  budding  nuclei.    In  fact,  both  of  these  latter  are  almost  absent. 

Kidney,  for  some  reason,  stains  very  poorly.  Capsule  absent.  Occa- 
sional areas  or  new-formed  connective  tissue  in  center  and  few  similar 
areas  in  kidney  substance.  Most  of  the  glomeruli  normal.  Here  and  there, 
an  atrophied  one  is  seen.    Kidney  cells  swollen  and  granular.    Blood- 
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vessels  show  well-marked  obliterative  endarteritis.  Occasional  hyaline 
cast  is  seen  in  tubules. 

Case  2.  Autopsy  by  Dr.  Pearce  (Autopsy  Records,  No.  1147).  Male, 
sixty  years  of  age. 

Abdomen.  A  small  amount,  about  300  cubic  centimeters,  of  clear, 
straw-colored  fluid  is  found  in  the  pelvis.  Appendix  normal.  Mesenteric 
lymph-nodes  normal  In  the  left  flank  is  found  a  large,  lobulated  mass, 
corresponding  to  the  position  of  the  kidney,  and  adherent  to  the  adjacent 
structures. 

Right  kidney.  Smaller  than  normal.  Capsule  peels  readily,  leaving  a 
coarsely  granular  surface,  with  here  and  there  a  few  small  cysts.  Cortex 
is  greatly  diminished,  being  less  than  one-half  the  normal  amount,  and 
is  firm  and  greyish-red  in  color.  Pyramids  are  injected.  In  the  pelvis 
is  an  increased  amount  of  fat.  On  the  surface  of  the  kidney,  and  pro- 
jecting from  it  as  a  globular  mass,  is  a  tumor  two  centimeters  in  diameter, 
of  soft  consistence,  uniformly  yellowish  in  appearance,  a«d  distinctly 
encapsulated. 

Left  kidney  is  similar  in  appearance  to  right,  but  adherent  to  and  in- 
volving its  upper  pole,  is  a  bilobed  mass,  twice  the  size  of  the  kidney 
itself,  which  is  soft  and  fluctuant  and  suggests  the  presence  of  cysts. 
On  section,  however,  these  masses  are  found  to  consist  of  a  new  growth, 
which  has  become  completely  necrotic  and  which  presents  in  part  a  uni- 
form, rather  Arm,  yellowish,  necrotic  tissue,  and,  in  part,  soft,  red, 
grumous  material  mixed  with  old  blood.  The  position  of  the  tumor, 
which  is  distinctly  encapsulated  and  separated  from  the  kidney  substance, 
although  it  impinges  upon  the  kidney,  presents  here  and  there  small  por- 
tions of  tissue  which  have  not  undergone  necrosis  and  which  indicate 
it  to  be  of  adrenal  origin.  Moreover,  the  adrenal  on  this  side  cannot  be 
found. 

Anatomical  diagnosis.  Arteriosclerosis.  Chronic  diffuse  nephritis  (in- 
terstitial type).  Fatty  transformation  of  the  myocardium.  Large  necrotic 
h)rpernephroma  involving  left  kidney.  Small  hypernephroma  of  right 
kidney.  Subacute  esophagitis.  Chronic  congestion  of  liver.  Emphy- 
sema of  lungs.  Moderate  hydroperitoneum  and  hydrothorax.  Malforma- 
tion of  sternum  (old  fracture?). 

Microscopic  diagnosis.  Chronic  interstitial  nephritis  with  hyaline  de- 
generation. Subacute  esophagitis.  Papillary  adenoma  of  kidney.  Ne- 
crotic hypernephroma. 

Surgical  Cases. 

Case  i.  Male,  aged  fifty-eight,  was  admitted  to  my  service  in  the 
Albany  Hospital,  October  10,  1907.  His  family  history  was  unimportant. 
He  states  that  he  has  always  been  in  good  health  till  the  onset  of  the 
present  trouble,  which  began  seven  years  ago.  At  this  time,  while  pick- 
ing fruit  in  a  tree  in  a  strained  position,  he  felt  something  "give  way" 
in  his  right  side.  The  sensation  was  so  noticeable  that  it  was  mentioned 
to   his    wife. 

Two  days  later,  blood  appeared  in  the  urine,  and  persisted  for  two  or 
three  days,  but  was  not  accompanied  by  pain.    The  patient  experienced  no 
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trouble  for  a  year  and  a  half,  during  which  time  he  felt  perfectly  well, 
when  there  appeared  a  second  attack  of  hematuria  of  g^reater  severity  than 
the  first  and  its  onset  was  accompanied  with  colicky  pain  and  chills,  the 
pain  radiating  from  the  back  to  the  perineal  region  and  penis.  The 
flow  of  blood  was  so  profuse  that  clots  obstructed  the  urethra  and 
catheterization  was  necessary.  This  attack  continued  for  about  a  week, 
when  there  was  complete  cessation.  From  this  time  until  about  six 
months  ago  (four  and  one-half  years),  the  attacks  of  hematuria  recurred 
at  intervals  of  four  or  six  months,  each  time  lasting  from  two  days  to  a 
week.  During  the  last  six  months  they  have  occurred  more  frequently. 
From  frequent  catheterizations  the  patient  has  developed  a  severe  cystitis. 
During  the  last  year  he  has  lost  about  ten  pounds  in  weight. 

Physical  examination.  The  patient  is  a  strong,  muscular  man,  well 
nourished,  with  a  slightly  sallow  complexion.  The  superficial  arteries 
show  no  signs  of  sclerosis.  Pulse  eighty,  strong  and  regular.  Examina- 
tion of  the  heart  and  lungs  gives  no  evidence  of  disease  of  these  organs. 
There  is  a  decided  fullness  in  the  right  flank  below  the  costal  margin 
where,  on  palpitation,  a  tumor,  measuring  approximately  ten  by  eighteen 
centimeters,  can  be  made  out.  It  occupies  the  lumbar  region  and  ex- 
tends forward  to  the  nipple  line.  It  moves  slightly  with  respiration.  It 
presents  a  smooth,  anterior  surface,  and  suggests  in  its  shape  and  posi- 
tion a  tumor  involving  the  kidney.  A  skiagraph  was  made  and  at  about 
the  center  of  the  tumor  mass  a  small  shadow,  about  the  size  of  a  pea, 
was  seen,  which  was  interpreted  as  revealing  a  small  kidney  stone.  In 
view  of  the  history  and  X-ray  findings,  a  clinical  diagnosis  of  cystic 
kidney  was  made. 

Urine  examination.  Sp.  gr.  1018,  acid,  no  sugar,  trace  of  albumen, 
pus  and  epithelium  abundant. 

Operation,  October  12.  Chloroform  and  oxygen.  Lumbar  incision. 
Kidney  was  found  adherent  to  the  surrounding  fat,  from  which  it  was 
separated  with  considerable  difficulty.  On  account  of  its  size,  the  mass 
could  not  be  delivered  until  the  incision  was  extended  well  forward  along 
the  ilium.  The  pedicle  of  the  kidney  was  clamped  and  the  organ  re- 
moved. On  account  of  the  extensive  involvement  of  the  vessels  by  the 
new  growth,  their  ligation  was  -impossible.  Clamps  were  left  in  situ. 
Several  large  gauze  wicks  were  carried  down  to  the  stump  of  the  renal 
pedicle,  and  the  external  wound  partially  closed  with  interrupted  silk- 
worm gut  sutures.  Salt  solution  1,000  cubic  centimeters  were  given  sub- 
cutaneously.  There  was  considerable  operative  shock,  but  the  patient  re- 
sponded well  to  treatment,  and  his  condition  after  twelve  hours  was  good. 
During  the  first  twenty-four  hours  following  the  operation,  only  three  and 
one-half  ounces  of  urine  were  obtained  per  catheter.  By  the  employment 
of  diuretics  and  the  introduction  of  large  amounts  of  saline  solution, 
the  daily  output  of  urine  was  gradually  increased,  so  that  on  the  six^ 
day  after  the  operation  thirty-eight  ounces  were  obtained,  which  had  a 
fair  specific  gravity,  but  contained  a  large  amount  of  albumen.  The 
patient  early  developed  symptoms  of  uremia  and  died  on  the  seventh 
day  after  operation. 
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Pathological  report  (Bender  Laboratory  Records,  Surg.  Path.,  Nol 
07-134&    See  Fig.  i). 

Gross  description.  Specimen  consists  of  a  kidney,  measuring  14  x 
8.5  X  7.5  centimeters.  Outer  surface  is  very  irregular,  in  places  of  a 
nodular  character.  It  is  throughout  the  greater  part  mottled  greyish-red 
in  color,  nodules  being  bright  yellow.  At  hilum  these  nodules  are  more 
marked,  and  a  mass  measuring  four  centimeters  in  diameter,  apparently 
having  its  origin  in  the  pelvis,  is  present  beneath  the  capsule.  These 
nodules  vary  in  size,  from  pin  point  to  the  above  mentioned.  Some  are 
solitary,  while  others  are  conglomerate.  On  section,  the  pelvis  is  con- 
siderably dilated  and  distorted  and,  in  part,  the  calices  are  obliterated. 
Cut  surface  of  the  kidney  substance  shows  it  to  be  pale  greyish-brown 
in  color,  and  anatomical  markings  are  obliterated.  Distributed  throughout 
are  numerous,  slightly  elevated,  yellow  areas  of  various  shapes  and 
sizes.  These  nodules  are  somewhat  firm,  but  one  has  broken  down  and 
presents  slight  hemorrhage.  About  some  of  these  nodules  the  tissue  is 
dark  brown,  due  to  old  hemorrhage. 

Anatomical  diagnosis.    Multiple  hypemephromata  of  kidney. 

Microscopic  description.  Sections  of  kidney.  The  entire  cortex  and 
medullary  portions  are  extensively  replaced  by  connective  tissue,  the 
greater  portion  being  composed  of  young  cells.  Many  tubules  are  com- 
pressed and  obliterated,  some  containing  hyaline  casts  and  denuded  of 
epithelium.  Others  are  dilated.  Many  glomeruli  are  partly  or  entirely 
replaced  by  fibrous  connective  tissue  and  the  capsules  greatly  thickened. 
In  the  section  are  areas  of  cuboidal  cells  which  stain  poorly  and  contain 
fat  globules.  These  nuclei  are  found  and  show  no  definite  arrangement 
About  them  the  connective  tissue  is  fibrous  and  contains  considerable 
free  blood  and  pigment. 

Microscopic  diagnosis,    Hypemephromata  of  kidney. 

Autopsy  by  Dr.  Hacker  (Bender  Laboratory  Records,  autopsy  No. 
Z188). 

Anatomical  diagnosis.  Absence  of  right  kidney  (due  to  operation). 
Incised  wound  of  right  side,  with  necrosis  (due  to  operation).  Hyper- 
nephroma of  perinephritic  fat  (right  side),  with  invasion  of  inferior 
vena  cava.  Chronic  interstitial  nephritis.  (Cholelithiasis.  Hydroperito- 
netmi.  Hydrothorax.  Hypostatic  congestion  of  left  lung.  Emphysema  of 
lung.    Anthracosis  of  lung. 

Kidneys,  The  left  kidney  is  enlarged  and  measures  11  x  6.3  x  5 
centimeters.  The  capsule,  in  places,  is  adherent  The  surface  is  pale  and 
presents  numerous  points  of  retraction.  Beneath  it  are  occasional  cysts, 
the  largest  one  centimeter  in  diameter.  The  cut  surface  is  pale  and 
opaque.  The  cortex  is  thickened  and  markings  are  indistinct  Numerous 
cysts  are  present,  and  at  the  lower  pole  in  one  pjrramid  is  a*  circum- 
scribed, soft,  brownish-yellow  nodule  one  and  two-tenths  centimeter.  The 
right  kidney  is  absent  In  the  right  renal  region  the  tissue  is  infiltrated 
by  blood  and  necrotic  material.  Behind  the  right  renal  vein  is  a  soft, 
friable  mass,  measuring  approximately  5x3x2  centimeters.  The 
portion  bordering  on  the  wound  is  soft,  pinkish-brown,  but  anteriorly 
it  is  soft  and  bright  yellow.    The  latter  penetrates  the  posterior  wall 
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of  the  inferior  vena  cava  and  forms  a  pedunculated  mass,  which  fills  the 
lumen  and  extends  into  both  renal  veins  (See  Fig.  2).  This  mass  is 
soft,  bright  yellow,  and  freely  movable  about  the  pedicle.  It  measures 
approximately  4  x  3  x  1.8  centimeters.  About  four  centimeters  from  the 
inferior  vena  cava,  the  right  renal  vein  presents  a  small,  bluish-brown, 
eroded  area. 

Microscopic  description.  Right  kidney.  Throughout  there  is  an  irreg- 
ular increase  of  connective  tissue  and  beneath  the  capsule  are  areas  com- 
posed chiefly  of  small,  round  cells.  In  the  cortex,  many  of  the  tubules 
are  lined  by  swollen  and  granular  cells,  which  entirely  fill  their  lumina. 
Toward  the  pelvis,  many  are  contracted  and  filled  with  hyaline  material. 
Others  are  dilated.  The  lumina  of  many  tubules  are  filled  with  desqua- 
mated epithelium.  Many  cells  contain  fat  globules.  Many  glomeruli 
show  proliferation  of  young  connective  tissue,  some  of  which  are  entirely 
transformed  into  fibrous  tissue  with  h)raline  degeneration.  The  veins 
are  engorged  and  dilated.  The  arteries  show  thickening,  chiefly  the 
intima,  while  many  capillaries  show  obliteration  with  hyaline  transforma- 
tion. At  one  point  is  an  area  composed  of  processes  of  fibrous  tissue 
covered  by  cuboidal  cells,  many  of  which  have  a  brown  granular  material. 
In  places  these  processes  have  undergone  necrosis.  Within  the  necrotic 
material  are  numerous  blood  corpuscles,  pigment,  and  cholesterin  spaces. 
About  this  area  is  a  dense,  fibrous  capsule  in  which  are  a  few  spaces 
lined  by  a  single  layer  of  cuboidal  cells.  The  nuclei  of  these  cells  are 
round  and  stain  deeply.  In  the  region  of  this  area  are  several  cysts  con- 
taining a  mucoid  substance.  These  cysts  are  lined  by  a  single  layer 
of  low  cuboidal  cells.  Throughout  many  sections  are  occasional  small 
areas  filled  with  densely  packed,  irregularly  arranged  cells,  which  resemble 
in  structure  those  in  tne  area  above  described.  The  arteries  show  marked 
thickening  of  the  intima  and  the  capillaries  show  increase  of  connective 
tissue,  with  hyaline  transformation  and  obliteration. 

Left  adrenal.  Irregular  areas  are  composed  of  cells  showing  marked 
infiltration  of  glycogen.  The  capillaries  show  marked  thickening  with 
hyaline  transformation.    Many  are  obliterated. 

Right  adrenal.    Similar  to  left 

Retroperitoneal  mass  at  base  of  wound.  The  g^reater  part  is  composed 
of  brge  cells  having  a  tubular  arrangement  and  in  which  are  globules 
of  glycogen.  The  greater  part  of  the  tissue  is  necrotic  and  the  capillaries 
are  distended  with  colonies  of  bacteria.  In  part,  the  necrotic  material 
is  markedly  infiltrated  by  polynuclear  leucocytes.  The  remaining  tissue  is 
edematous  and  contains  many  leucocytes. 

Microscopic  diagnosis.  Hypernephroma  of  lumbar  region,  with  necrosis 
and  suppuration.  Hypernephromata  of  right  kidney.  Chronic  interstitial 
nephritis.  Chronic  myocarditis.  Chronic  passive  congestion  of  lung, 
liver,  and  spleen.  Arteriosclerosis.  Chronic  cystitis.  Slight  chronic  pan- 
creatitis. Acute  bronchopneumonia,  Anthracosis,  emphysema,  and  atelec- 
tasis of  lung.    Encapsulated  papillary  adenoma  of  right  kidney. 

Case  2.  Service  of  Dr.  MacDonald.  Mr.  T.  S.,  aged  forty-six  years. 
Duration  of  disease  six  months,  following  a  fall  in  which  he  was  struck 
in  the  region  of  the  right  kidney.    Symptoms  of  onset,  pain,  originating 
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in  right  lumbar  region  and  referred  downward  to  penis,  hematuria  accom- 
panying pain.    Recurrent  attacks  for  six  months. 

Clinical  diagnosis.    Stone  in  kidney. 

Operation.    Removal  of  right  kidney. 

In  February,  1908  (five  and  one-half  }rears  after  operation),  patient 
was  in  good  health. 

Pathological  report  (Bender  Laboratory  Records,  Surg.  Path.  No. 
97-14),  September  4,  1902. 

Gross  description.  Specimen  consists  of  a  kidney  measuring  5  x  a  x  1.5 
inches.  The  fatty  and  fibrous  capsules  have  both  been  r^cmoved,  leaving  a 
smooth,  mottled  surface.  The  prevailing  color  of  the  surface  is  yellowish- 
brown,  the  mottling  being  due  to  numerous  pin-head  areas  of  hemorrhage. 
The  upper  pole  of  the  kidney  is  enlarged,  and  there  are  present  on  the 
surface  of  the  enlarged  portion  a  number  of  yellowish  tumor  nodules, 
covering  from  one-sixteenth  to  three-eighths  of  an  inch  in  diameter. 
These  nodules  are  rounded,  soft  in  consistence,  and  smooth,  and  are  of 
yellowish  color.  On  section  of  the  kidney,  the  main  portion  of  the  organ 
is  relatively  normal.  The  cortex  is  slightly  swollen  and  quite  pale. 
Crlomeruli  congested.  The  pelvis  shows  a  number  of  discrete  and  con- 
fluent hemorrhages.  The  tumor  nodule  measures  an  inch  and  five-eighths 
in  diameter.  It  is  roughly  globular  and  occupies  one  pole  of  the  kidney 
and  projects  into  the  pelvis.  One  point  of  the  tumor  is  soft,  and  in  places 
distinctly  hemorrhagic,  and  is  made  up  of  a  jrellowish  cellular  growth, 
which  has  the  appearance  of  adrenal  tissue. 

Anatomical  diagnosis.    Hypernephroma  of  the  kidney. 

Case  3.  Service  of  Dr.  Vander  Veer.  Mr.  G.  W.,  aged  thirty-five. 
Complains  of  tumor  in  the  left  abdominal  region.  Onset  five  years  ago, 
with  pain  in  the  region  of  the  tumor.  Attack  lasted  three  days.  Ten 
days  ago,  first  noticed  a  bunch  in  left  side  of  abdomen,  which  has  increased 
some  in  size  since  then.  Patient  has  lost  in  weight  and  feels  perfectly 
wefl.  Urinary  examination  showed  granular,  h}raline,  and  epithelial  casts, 
some  mucus,  some  epithelia,  clear  amber,  sp.  gr.  1020,  no  sugar,  trace  of 
albumen. 

Clinical  diagnosis.    Sarcoma  of  kidney. 

Operation,  May,  1905.  Removal  of  left  kidney.  In  November,  1907 
(two  and  one-half  years  since  operation),  patient  was  well.  Had  gained 
fifteen  pounds  in  weight.  Urine  was  normal.  No  evidence  of  metastatic 
or  recurrent  growths. 

Pathological  report  (Bender  Laboratory  Records,  Surg.  Path.,  Na 
05-537). 

Gross  description.  Specimen  consists  of  a  kidney,  from  the  cortex  of 
which  projects  a  definitely  encapsulated  cystic  tumor,  measuring  from 
twelve  to  sixteen  centimeters  in  diameter,  and  having  a  base  measuring 
10  X  3  centimeters.  The  center  of  this  base  corresponds  to  a  point  situ- 
ated on  the  surface  of  the  kidney,  opposite  the  hilus  and  at  a  point 
corresponding  to  the  junction  of  the  upper  and  middle  thirds.  On 
section,  the  tumor  is  found  to  have  a  firm,  fibrous  capsule,  averaging 
JFrom  three  to  five  millimeters  in  thickness,  and  a  softened  center,  consist- 
ing of  a  grumous,  blood-stained,  necrodc-looking  material,  with  coarse 
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tags  of  fibrous  tissue  extending  in  from  the  wall  of  the  cyst.  The  cyst 
extends  into  the  kidney  as  far  as  the  pelvis  and  the  kidney  cortex  is 
reflected  over  the  surface  of  the  tumor,  for  a  distance  of  four  to  five 
centimeters,  at  the  base.  The  remainder  of  the  kidney  shows  nothing 
noteworthy.  The  general  picture  is  that  of  a  tumor,  originally  com- 
posed of  large,  cellular  areas  and  coarse  interstitial  fibrous  bands,  which 
has  undergone  extensive  necrosis. 

Anatomical  diagnosis,  Hypernephr<Mna  with  extensive  necrosis  and 
softening. 

Microscopic  description.  Sections  show  capsule  composed  of  dense  fib- 
rous tissue  with  areas  of  calcification  and  true  bone  formation.  The 
contents  of  the  cyst  are,  for  the  most  part,  almost  completely  necrotic, 
but  immediately  adjacent  to  the  capsule,  and  partly  infiltrating  it,  can  be 
be  seen  irregular  islands  of  large,  polyhedral,  vacuolated  cells  having  the 
general  characteristics  of  adrenal  cells.  These  cells  are  arranged  in 
irregular  masses,  and,  in  some  areas,  have  an  indefinite,  glandular  arrange- 
ment In  other  sections,  new-formed  blood-vessels  can  be  seen  extending 
from  the  capsule  into  the  necrotic,  hemorrhagic  cysts  contents. 

Microscopic  diagnosis.  Adrenal  tumor  with  extensive  central  necrosis 
and  softening  and  hemorrhage,  together  with  calcification  and  bone  forma- 
tion in  capsule. 

Case  4.  Service  of  Dr.  Madill,  of  Ogdensburgh,  N.  Y.  Mrs.  K,  aged 
thirty-three.  Duration  of  disease  about  five  months.  Symptoms  anemia, 
loss  in  weight,  and  pain  of  a  dragging  character  in  the  region  of  the 
left  kidney.  No  urinary  symptoms  (patient  had  suffered  from  neuras- 
thenia for  over  a  year,  and  the  tumor  of  the  kidney  was  discovered  while 
making  an  examination). 

Clinical  diagnosis.    Tumor  of  kidney. 

Operation.    Nephrectomy,  left. 

Recovered  from  operation  rapidly  and  improved  for  about  four  months. 
Then  again  became  anemic,  lost  weight,  and  died  ten  months  after  opera- 
tion (definite  cause  of  death  not  known.  No  evidence  of  recurrence  or 
metastases). 

Pathological  report  (Bender  Laboratory  Records,  Surg.  Path.  No. 
06-55). 

Gross  description.  Specimen  consists  of  a  large,  distorted  kidney.  Cap- 
sule strips  fairly  readily  from  one  pole,  which  measures  7x6x3 
<%ntimeters.  Opposite  pole  is  enlarged  by  a  circular  tumor  mass  so  that 
it  measures  10  x  7  x  5  centimeters.  Entire  kidney  is  about  thirteen  cen- 
timeters in  length.  Mass  is  six  centimeters  in  diameter.  Kidney  sub- 
stance is  normal  in  consistence,  except  over  mass,  where  softened  areas 
are  felt  Considerable  amount  of  fat  is  found  in  pelvis.  Over  tumor, 
color  is  a  reddish  to  a  yellowish-white.  Remainder  of  kidney  is  pale 
and  dark  reddish-white  in  color.  Cut  surface  shows  the  tumor 
m^s  to  be  well  encapsulated,  yellowish-white  in  color.  Several 
areas  of  hemorrhage  near  periphery.  The  remainder  of  tumor  surface 
contains  scattered  areas  of  increased  consistence  and  waxy  appearance. 
In  the  remainder  of  the  kidney,  cortex  and  pyramids  are  very  pale. 
Pelvis  contains  a  large  amount  of  fat    Malpighian  corpuscles  are  seen. 
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Anatomical  diagnosis.    Adrenal  adenoma  arising  in  kidney. 

Microscopic  description.  Section  of  kidney  and  tumor  mass  shows 
tumor  surrounded  by  a  compact  layer  of  kidney  pulp,  beneath  which  and 
in  body  of  tumor  are  found  areas  of  hemorrhage.  Tumor  is  made  iqk 
of  a  fine,  reticular  stroma,  in  which  are  large  epithelioid  cells  with 
vesicular  nuclei.  Cells  are  arranged  in  cords  and  masses.  Protoplasm 
does  not  stain  well,  is  translucent  and  vacuolated,  and  contains  a  few 
granules.  Many  large  areas  of  necrosis  occur,  accompanied  by  infiltration 
of  leucocytes  and  lymphoid  cells.  Renal  tissue  proper  shows  cloudy  swell- 
ing of  tubular  epithelium. 

Microscopic  diagnosis.    Adrenal  adenoma. 

Case  5.  Service  of  Dr.  Van  Loon.  Mrs.  D.  Z.,  aged  fifty-two.  Family 
history  negative.  Patient  has  had  attacks  of  "stomach  trouble"  for  sev- 
eral years.  One  week  ago,  a  definite  attack  of  biliary  colic  Upon  ex- 
amining the  abdomen  at  this  time,  a  tumor  of  the  right  kidney  was 
found.    Urinary  examination  negative. 

Clinical  diagnosis.    Gall-stones,  tumor  of  right  kidney. 

Operation,  May  11,  1907.  Cholecystotomy,  removal  of  gall-stCHies,  nq>h- 
rectomy,  right  kidney  and  tumor.  Good  recovery.  In  February,  190& 
(eight  months  after  operation),  patient  was  well. 

Pathological  report  (Bender  Laboratory  Records,  Surg.  Path.  No.  07- 
670). 

Gross  description.  Specimen  consists  of  a  pyramidal-shaped  masSr 
measuring  approximately  18  x  12  x  8  centimeters  through  its  broadest 
diameters.  The  mass  is  encapsulated  and  the  broader  half  is  greyish-, 
yellow  and  soft,  while  the  remaining  portion  is  firmer  and  greyish-brown 
On  section,  the  cut  surface  of  the  soft  portion  is  pale,  brownish-yellowp 
and  pulpy;  from  it  there  exudes  a  brownish-pink  fluid.  The  remaining 
portion,  on  section,  presents  the  cut  surface  of  a  kidney.  The  twa 
portions  gradually  fade  into  each  other. 

Anatomical  diagnosis.    Hypernephroma  of  kidney. 

Microscopic  description.  Sections  show  trabecule  and  gland-like  spaces, 
composed  of  polygonal  or  cuboidal  cells,  arranged  in  an  irregular  manner. 
In  parts  necrosis  is  seen  and  extensive  hemorrhage. 

Microscopic  diagnosis.    Hypernephroma  of  kidney. 

Case  6.  Service  of  Dr.  Macdonald.  Mr.  D.  J.,  aged  forty-nine.  Clin- 
ical history  not  obtained.    Patient  died  twenty-four  hours  after  operation. 

Pathological  report  (Bender  Laboratory  Records,  Surg.  Path.  No.  04- 
860). 

Clinical  diagnosis.    Sarcoma  of  left  kidney. 

Gross  description.  Specimen  consists  of  a  much  enlarged  and  degen- 
erated kidney  which  has  been  bisected.  Each  half  measures  about  16  x 
12  X  3  centimeters.  External  surface  of  one-half  is  smooth  and  glistening. 
The  other  surface  is  uneven  and  denuded  of  covering  in  places.  On 
section,  find  but  little  evidence  of  normal  kidney  tissue,  and  that  is  near 
periphery.  Surface,  as  a  whole,  presents  a  necrotic,  honey-combed  appear- 
ance. Strands  of  white,  fibrous  tissue,  fairly  hard  to  feel,  radiate  in  alt 
directions.  These  areas  are  intermingled  with  yellowish  patches,  some 
of  them  being  necrotic  and  filled  with  cheesy-like  material.    In  stiU  other 
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places,  the  surface  presents  a  pearly-white  appearance.    Some  evidence  of 
hemorrhagic  areas  in  cortex,  there  being  a  few  blood  dots. 

Anatomical  diagnosis,    Hypemephrcnna  of  kidney. 

Microscopic  description.  Large  masses  of  cells  with  round,  lightly  stain 
ing  nucleus  and  large  amount  of  protoplasm,  which  is  greatly  vacuolated 
and  resembles  the  structure  of  adrenal  cells.  Between  these  masses  are 
large  bands  of  more  or  less  h}raline  connective  tissue.  Some  portions 
of  tumor  are  entirely  necrotic. 

Microscopic  diagnosis.    Hypernephroma. 

Case  7.  (From  Ellis  Hospital,  Schenectady,  N.  Y.)  I  have  been  un- 
able to  obtain  any  clinical  history  of  this  case  other  than  that  which 
was  appended  to  the  specimen  upon  its  receipt  at  the  laboratory.  It  was 
said  to  be  a  left  kidney  which  had  been  growing  for  seven  years;  patient 
suffered  from  intermittent  hematuria. 

Pathological  report  (Bender  Laboratory  Records,  Surg.  Path.  No.  04- 
1054). 

Gross  description.  Specimen  consists  of  an  oval  tumor  mass,  measuring 
24  X  17  X  14  centimeters.  The  surface  is  roughly  lobulated  and  covered 
with  coarse  tags  of  fibrous  tissue,  the  entire  mass  having  a  firm,  fibrous 
capsule.  On  section,  the  mass  is  seen  to  consist  of  multiple  globular,  usu- 
ally definitely  encapsulated,  tumor  masses,  ranging  from  one  to  four 
centimeters  in  diameter.  These  masses,  are  separated  from  one  another 
by  firm  sheets  of  fibrous  tissue  which  retract  on  section.  The  non- 
degenerated  portions  of  the  new  growth  present  a  light  pink,  distinctly 
granular,  cut  surface;  others  are  softened  and  present  a  yellowish,  fatty- 
'•ike  surface;  while  others  are  hemorrhagic,  and  a  few  are  represented  by 
cavities  filled  with  a  hemorrhagic  fluid. 

Anatomical  diagnosis.    Hypernephroma. 

Microscopic  description.  Sections  show  stroma  of  connective  tissue 
imbedded  in  which  are  large  polyhedral  cells,  lying  in  irregular  columns. 
These  cells  show  marked  vacuolation,  with  some  pigmentation  resembling 
adrenal  cells. 

Microscopic  diagnosis.  Adenoma  of  kidney  with  cells  resembling  ad- 
renal cells  (hypernephroma). 

SYMPTOMATOLOGY. 

The  four  cases  reported  from  our  autopsy  records  did  not 
present,  as  far  as  can  be  determined,  any  symptoms  attri- 
butable to  the  hypernephroma.  The  clinical  history  of  one 
of  the  surgical  cases  was  not  obtainable,  leaving  us  only  six 
cases  on  which  to  base  our  clinical  data.  The  symptoms  of 
importance,  which  were  fairly  constant,  were  three  in  number, 
pain,  hematuria  and  tumor.  Pain  was  present  in  four  of  the 
six  cases,  in  three  of  which  it  was  of  the  type  described  as 
renal  colic,  and  was  accompanied  by  hematuria.  Without 
doubt,  the  pain  in  these  cases  is  due  to  the  passage  of  blood 
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clots  from  the  pelvis  of  the  kidney  to  the  bladder.  In  the 
fourth  case,  the  pain  was  confined  principally  to  the  region  of 
the  tumor,  and  radiated  backward  to  the  spinal  column. 

The  most  frequent  form  of  pain,  then,  is  that  accompanying 
the  hematuria,  and  it  differs  in  no  way  from  that  caused  by 
the  passage  of  other  foreign  bodies  along  the  ureters.  It  is 
usually  not  as  severe  in  character  as  that  produced  by  calculi. 
The  hematuria,  if  slight  in  amount,  may  occur  without  pain. 
It  is  frequently  the  first  symptom  noticed.  In  all  of  our  obser- 
vations it  was  intermittent  in  character,  lasting  from  a  few 
hours  to  several  days,  and  appearing  at  intervals  from  a  few 
months  to  several  years.  In  one  case,  the  hemorrhage  was 
usually  very  profuse,  often  filling  the  bladder  with  clotted 
blood  and  obstructing  the  urethra. 

Apparently  the  size  and  location  of  the  growth  within  the 
kidney  substance  had  little  bearing  upon  the  occurrence  of 
this  symptom;  for,  in  two  instances  where  the  pathological 
examination  showed  the  tumor  to  be  of  large  size  and  to  in- 
volve the  renal  pelvis,  there  had  been  no  hematuria.  A  tumor 
that  is  easily  palpable,  or  that  the  patient  discovers,  is  nec- 
essarily a  late  symptom  and,  if  one  on  which  we  rely  to  make 
a  diagnosis,  often  appears  too  late  to  offer  our  patient  a  good 
chance  of  recovery. 

Location.  In  six  of  the  ten  cases  of  hypernephroma  of  the 
kidney,  the  tumor  was  found  upon  the  left  side. 

General  symptoms  are  usually  absent  in  the  early  stages. 
With  prolonged  and  severe  bleeding,  secondary  anemia  is 
marked,  and  the  patient  may  lose  considerable  weight.  In 
one  case  the  condition  was  associated  with  neurasthenia. 

Aside  from  the  presence  of  blood,  there  were  no  significant 
urinary  changes.  One  case  had  a  severe  cystitis,  probably 
from  catheterization,  and  in  two  there  were  evidences  of  a 
chronic  nephritis,  albumen,  and  urinary  casts. 

Age.  The  youngest  patient  was  thirty-three,  the  oldest 
sixty  years ;  average  age  forty-eight  years.  The  average  age  of 
onset,  as  indicated  by  the  appearance  of  symptoms,  was  forty- 
one  years. 

Sex.  In  one  case,  the  sex  was  not  stated.  In  six  cases,  it 
was  found  four  times  in  the  male  and  twice  in  the  female. 

Duration.  It  is  obviously  difficult  to  ascertain,  even  ap- 
proximately, the  length  of  time  that  many  of  these  tumors 
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have  been  present.  In  two  of  our  cases,  while  the  growths 
had  attained  large  size,  they  had  presented  no  symptoms  which 
attracted  the  attention  of  the  patient,  and  they  were  discovered 
by  the  physician  upon  examination.  It  is  only  in  those  cases^ 
in  which  hematuria  and  pain  are  manifest,  that  we  can  base 
any  accurate  knowledge  of  the  length  of  time  which  the  tumor 
has  been  present.  I  think  it  may  be  said  that,  almost  without 
exception,  this  type  of  growth  is  slow  in  progress,  especially 
in  its  early  stages,  and  attains  palpable  size  only  after  several 
years  of  existence.  In  two  cases  in  this  group  hematuria  had 
been  present  for  seven  years.  Tumors  presenting  symptoms 
for  shorter  periods  of  time,  gave  no  indications,  histologically, 
of  being  of  a  less  malignant  type. 

Diagnosis.  Unfortunately  these  tumors  of  adrenal  origin, 
whether  arising  within  the  kidney  substance  or  at  the  normal 
site  of  the  adrenal  body,  present  no  pathognomonic  symptoms. 
For  a  diagnosis  we  are  largely  dependent  upon  three  symp- 
toms, hematuria,  pain  and  tumor,  which  are  alike  suggestive 
of  other  and  more  common  kidney  lesions.  As  far  as  I  am 
aware,  those  growths  arising  outside  of  the  kidney  never 
present  symptoms,  except  tumors  and,  perhaps,  metastases^ 
both  of  which  are  necessarily  late  manifestations.  It  may  be 
said  that  rarely  is  a  correct  diagnosis  of  hypernephroma  made 
previous  to  operation.  This  is  unfortunate,  since  it  is  clearly 
demonstrated  that  these  growths,  at  least  the  majority,  are  of 
a  benign  character  in  their  early  stages,  and  that,  when  thor- 
oughly removed  at  this  time,  they  show  no  tendency  to  recur. 
It  seems  that,  clinically,  we  may  recognize  two  groups  of 
hypernephroma  renis:  Cases  associated  with  hematuria;  and 
cases  without.  Obviously,  the  cases  without  hematuria  pre- 
sent no  early  symptoms  whatever  suggestive  of  renal  lesion, 
so  that  in  this  group,  tumor  and,  rarely,  pain  are  the  first  mani- 
festations. This  was  true  in  three  of  our  six  cases  in  all  of 
which  the  growth  had  attained  considerable  size.  In  one  of 
these  cases,  death  occurred  within  a  few  days  after  operation, 
and  in  another,  after  a  few  months.  In  this  latter  case,  while 
it  was  not  demonstrated  that  death  was  due  to  metastases,, 
this  seemed  to  the  surgeon  to  be  the  probable  explanation. 
In  the  other  group  of  cases  where  hematuria  is  present  we 
are  given  a  clue  to  the  condition,  and  by  a  process  of  exclusion 
we  should  be  able,  at  least,  to  make  a  tentative  diagnosis  of 
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hypernephroma.  An  exploratory  operation  should  then  be 
done.  Three  of  our  cases  had  hematuria  early  in  the  disease 
and  in  each  instance  it  was  associated  with  "  colicky  "  pain. 
In  a  study  of  the  cases  collected  by  other  observers,  we  are 
led  to  believe  that  hematuria  and  pain  are  present  more  fre- 
quently than  indicated  by  our  series.  Thus  Keen  and  Pfahler 
(8)  found  hematuria  in  nineteen  out  of  twenty-six  cases. 
Cases,  then,  presenting  the  symptom  of  hematuria  should 
always  be  approached  with  this  possibility  in  mind,  and  we 
should  exhaust  every  means  at  our  command  to  confirm  or 
exclude  hypernephroma.  A  question  in  regard  to  these  cases, 
which  has  never  been  thoroughly  investigated,  is  that  of  in- 
creased arterial  tension.  It  is  logical  to  suppose  that,  with 
an  increase  of  adrenal  tissue,  we  may  have  an  excess  of  adrenal 
secretion,  which  would  result  in  a  rise  of  blood-pressure. 
Certain  writers  have  noted  that  this  was  true;  but  obsei-va- 
tions  upon  this  point,  sufficient  to  settle  the  question,  have  not 
yet  been  made.  Every  case  of  hypernephroma  should  be 
thoroughly  investigated  in  this  regard,  and  we  may  find  that 
a  study  of  the  blood-pressure  furnishes  us  a  valuable  aid  in 
diagnosis. 

Prognosis.  I  think  it  can  be  safely  said  that,  in  the  majority 
of  cases  of  hypernephroma,  an  early  removal  of  the  tumor  will 
result  in  a  complete  cure.  Three  of  our  six  cases  operated 
upon  are  still  living  and  in  good  health;  in  one  instance  five 
and  one-half  years  have  elapsed  since  operation.  One  case 
has  been  lost  sight  of. 

Metastases  of  the  hypernephromata  are  not  uncommon,  al- 
though it  was  not  observed  in  any  of  the  cases  of  our  series. 
In  Case  i,  there  was  a  direct  extension  of  the  growth  through 
the  renal  vein  into  the  vena  cava.  The  usual  mode  of  metas- 
tasis is  through  the  blood-stream  by  way  of  the  renal  vein, 
and  this  takes  place  usually  in  the  later  stages  where  there  is 
extensive  local  invasion.  The  metastases,  therefore,  are  found 
most  frequently  in  the  bones,  lungs,  and  liver.  Scudder  (9) 
has  recently  recvded  four  instances  of  bone  metastases  and 
refers  to  eleven  oi.her  cases  in  the  literature,  making  fifteen  in 
all,  the  majority  of  which  were  fatal.  Rarely,  extension  may 
occur  through  the  lymphatics.  Stober  (10)  reports  a  case  of 
hypernephroma  of  the  left  adrenal  with  metastases  to  the 
mediastinal  lymph  glands.  I  have  been  unable  to  find  other 
similar  instances  in  the  literature. 
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THE  INFLUENCE  OF  THE  REDUCTION  OF  KIDNEY 

SUBSTANCE  UPON  NITROGENOUS 

METABOLISM.^ 

By  RICHARD  M.  PEARCE,  M.  D. 

This  communication  presents  the  results  of  one  of  several 
investigations  having  for  their  object  the  determination  of  the 
part  played  by  chemical  correlation,  in  a  broad  sense,  in  the 
productions  of  pathological  conditions  associated  with  diseases 
of  the  kidney.*  In  taking  up  such  problems  one  of  the  first 
questions  for  consideration  is  that  of  the  influence  of  the 
hypothetical  internal  secretion  of  the  kidney  upon  general 
nitrogenous  metabolism.  I  use  the  term  hypothetical  ad- 
visedly, for  although  this  theory  occupies  a  prominent  place 
in  the  literature  dealing  with  the  question  of  uremia  and  is 
very  suggestive,  there  is  little  experimental  or  other  evidence 
to  support  it. 

It  was  first  brought  to  general  notice  by  Brown-Sequard,* 
who  as  the  result  of  his  investigation  of  the  internal  secretion  of 
the  testicle  came  to  very  broad  conclusions  concerning  internal 
secretions  in  general  and  stated  that  the  kidney,  as  also  other 
organs,  have  this  function.  He  based  his  opinion  as  regards 
the  kidney  on  clinical  observation*  and  the  study  of  dogs  from 
which  both  kidneys  had  been  removed  as  compared  with  those 

^  Aided  by  a  grant  from  the  Rockefeller  Institute  for  Medical  Research.    Published 
also  in  Journal  of  Exper.  Med.,  X908,  x.  63a. 

*  Pearce.  R.  M.,  The  Theory  of  Chemical  Correlation  as  Applied  to  the  Pathology  of  the 
Kidney.  Axmtial  Address  before  the  Philadelphia  Pathological  Society,  April  a3,  1908. 

'  Brown-Sequard,  Importance  de  la  secretion  interne  des  reins.  Arch.  d.  phys.  norm,  ei 
path.,  X893,  V.  778. 

*  Fowler,  E.  P..  Suppression  of  Urine,  New  York,  x88x. 
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in  which  the  ureters  had  been  ligated.  As  the  result  of  both 
procedures  the  retention  of  metabolites  is  the  same,  but  in 
the  nephrectomized  animals,  death,  which  comes  on  more 
rapidly,  is  supposed  to  be  due  to  the  absence  of  an  internal 
secretion  which,  it  is  assumed,  is  still  furnished  by  the  ligaced 
kidneys.  If,  as  he  claimed,  in  the  nephrectomized  animals  the 
internal  secretion  is  replaced  by  the  injection  of  renal  juice» 
or  glycerine  extracts  of  kidney  or  by  normal  serum  the  ani- 
mals live  as  long  or  even  longer  than  those  which  have  had 
both  ureters  ligated.  Such  observations  are  urged  in  support 
of  the  theory  of  internal  secretion  by  those  who  do  not  believe 
uremia  to  be  due  to  the  retention  of  the  products  of  metab- 
olism. 

Similarly,  metabolism  experiments  on  man  which  tend  ta 
show  that  uremia  may  occur  without  evident  nitrogen  reten- 
tion are  viewed  in  the  same  way  and  are  taken  by  those  wha 
support  the  theory  of  internal  secretion  to  indicate  that  uremia 
is  not  due  to  lack  of  elimination  of  metabolites  but  to  loss  of 
the  internal  secretion. 

From  the  experimental  side  the  only  method  of  attack  has 
been  by  the  study  of  the  variation  in  elimination  of  nitrogen- 
ous substances  after  extirpation  of  amounts  of  kidney  sub- 
stance sufficient  presumably  to  disturb  the  hypothetical  in- 
ternal secretion.  Upon  this  phase  of  the  subject  the  obser- 
vations of  Tuffier,  of  Bradford  and  of  Bainbridge  and  Beddard 
are  available.  Tuffier*  removed  first  one  kidney,  and  after 
an  interval,  a  portion  of  the  other.  He  came  to  the  conclusion, 
based  on  ten  experiments,  that  one  and  five-tenths  gram  of 
kidney  substance  per  kilo  of  body  weight  was  sufficient  to 
maintain  life  and  adds  that  except  for  oscillations  due  to  the 
immediate  effects  of  the  operation  no  changes  in  the  elimina- 
tion of  urine  or  urea  were  noted. 

Bradford*  also  working  with  dog^,  found  that  after  the  re- 
moval of  approximately  three-fourths  of  the  total  kidney 
weight  death  occurred  in  from  one  to  six  weeks  from  asthenia 
with  great  wasting ;  coma  and  convulsions  were  not  observed. 
Death  is  apparently  dependent  on  the  amount  of  kidney  sub- 
stance removed  and  not  upon  mutilation  inflicted  by  the  surgi- 

Tuffier.  T.,  £tud^  exp^rimentelles  sur  la  chinu:?ie  dcs  reins,  Paris,  1889  (quoted  from 
Bradford). 

•  Bradford,  J.  R.,  The  Results  foUowinfir  Partial  Nephrectomy  and  the  Influence  of  the 
Kidney  upon  Metabolism.  Jour,  of  Physiol.,  1899,  xxiii.  415. 
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cal  Operation.  Excision  of  a  portion  of  one  kidney  or  portions 
of  both  is  followed  by  an  increase  in  the  volume  of  the  urine, 
but  unaccompanied  by  an  increase  in  the  total  solids.  After 
excision  of  three-fourths  of  the  total  kidney  weight  there  oc- 
curs an  increase  in  the  amount  of  urea  eliminated.  This  in- 
crease is  absolute  when  appetite  does  not  fail,  and  relative 
when  little  or  no  food  is  taken.  Under  the  latter  circum- 
stances the  amount  of  urea  eliminated  is  as  great  as  that  ex- 
creted previously  on  a  full  diet.  At  the  same  time  the  blood 
and  tissues,  particularly  the  muscles,  show  a  considerable 
increase  in  nitrogenous  extractives.  Bradford  concludes  that 
the  disturbance  of  metabolism  following  the  reduction  of  kid- 
ney substance  is  due,  not  to  the  retention  of  the  products  of 
normal  destruction  of  tissue,  but  to  an  increased  tissue  catab- 
olism  especially  of  the  muscles,  producing  large  quantities 
of  urea.  He  states  that  he  has  made  no  observations  to  de- 
termine whether  this  is  due  to  the  cessation  of  the  action  of  a 
renal  internal  secretion.  His  results  have,  however,  been  so 
interpreted  by  later  writers. 

Bainbridge  and  Beddard^  in  a  recent  publication  describe 
their  observations  on  cats.  They  conclude  that  the  removal 
of  three-fourths  of  the  kidney  substance  causes  loss  of  appe- 
tite, wasting  and  death  in  a  few  days  or  weeks;  that  an  in- 
crease of  nitrogen  in  the  urine  is  not  constant  and  occurs  only 
during  the  last  few  days  of  life  when  the  animal  has  lost 
twenty-two  per  cent,  or  more  of  its  body  weight  and  therefore 
that  the  kidney  has  no  direct  influence  on  metabolism  but  that 
the  increase  of  nitrogen  is  the  result  of  inanition  and  similar 
to  that  which  occurs  in  starving  animals.  They  also  found 
that  there  was  not  necessarily  an  increase  in  the  volume  of 
urine. 

The  difference  of  opinion  between  these  investigators  seemed 
sufficient  to  warrant  a  repetition  of  the  experiments  in  order 
to  determine  the  effect  of  the  reduction  of  the  kidney  on  nitro- 
genous metabolism.  In  carrying  them  out  I  have  also  investi- 
gated the  total  nitrogen  eliminated  in  the  feces  in  order  to 
determine  if  possible  whether  or  not  the  inanition  could  be 
explained  by  digestive  disturbances  due  to  faulty  absorption 


^  Bambridge,  P.  A.,  and  Beddard.  A.  P.,  The  Relation  of  the  Kidneys  to  Metabolism. 
Proc.  Royal  Soc,  1907,  Ixxix  (B).  75. 
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or  possibly  to  the  effect  of  irritating  nitrogenous  substances 
eliminated  through  the  intestines. 

These  experiments  were  made  upon  dogs  which  were  kept 
for  some  time  before  operation  and  during  the  entire  course  of 
the  experiment  in  nitrogenous  equilibrium.  For  this  purpose 
a  purin-free  diet  of  casein,  cracker  dust  and  lard  was  used  and 
the  per  diem  amount  of  water  limited  to  600  cubic  centimeters. 
The  animals  were  kept  in  the  usual  well-ventilated  meta- 
bolism cages  and  were  catheterized  at  the  end  of  each  twenty- 
four  hours.  After  each  catheterization  the  bladder  was 
washed  out  and  the  wash  water  added  to  the  catheterized  urine 
and  that  voided  naturally  and  the  whole  made  up  to  a  definite 
volume.  This  urine  was  carefully  preserved  from  changes 
of  any  kind  until  the  analyses  were  made.  When  albuminuria 
caused  the  appearance  of  coagulable  protein  in  the  urine, 
which  occasionally  happened  during  a  short  period  immedi- 
ately following  operation,  this  was  removed  by  heat  and  acetic 
acid,  the  coagula  being  thoroughly  boiled  out  with  water  and 
the  washings  added  to  the  urine. 

Upon  these  twenty-four  samples  the  following  determina- 
tions were  made:  Total  nitrogen  by  the  Kjeldahl  method; 
ammonia  by  the  Shaffer  method  and  urea  by  the  Momer- 
Sjoquist  method.  The  investigation  was  so  delimited  mainly 
because  the  changes  in  total  nitrogen  and  in  the  elimination 
of  urea  and  ammonia  are  the  only  points  in  dispute  and  in  part 
on  account  of  the  negative  nature  of  the  results  obtained  by 
Bradford  and  by  Bainbridge  and  Beddard  in  regard  to  other 
substances. 

The  general  procedure  was  to  place  the  animal  in  nitrogen- 
ous equilibrium,  conduct  control  determinations  for  a  period 
of  three  days,  operate,  and  after  allowing  two  or  three  days 
for  recovery  from  the  acute  effects  of  the  operation  make  de- 
terminations during  one  or  more  three  day  periods. 

The  operative  procedure  differed  somewhat  from  that  of  the 
English  investigators.  Instead  of  removing  a  wedge  of  kidney 
substance  the  upper  half  of  a  kidney  was  removed  and  the 
bleeding  from  the  cut  surface  controlled  by  a  mattress  suture. 
This  method,  although  it  narrows  the  pelvis  somewhat,  is  not 
followed  by  infarction  or  hemorrhage  and  gives  better  results 
than  that  recommended  by  Bradford.  At  a  subsequent  opera- 
tion either  one-half  the  opposite  kidney,  or  the  entire  kidney 
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TABLE  I. 

(Dog  4,  a  and  H  rsducHon,) 


33 


Date. 


Urine. 


Ami. 
c.c. 


Sp. 
Gr. 


Total  N 
Gms. 


Urea. 
Per 
Gms.Cent. 


Ammoma. 
Per 
Gms.Cent. 


Faeces. 


Total  N. 
Oms. 


Per 

Cent. 

N. 


Weight. 
Gms. 


Notes. 


Control  Period. 


Not. 


Oct.      91 

aa 

a3 
94 

a6 
a? 

98 

4 

5 

6 

7 

8 
8 

ao 

ai 

aa 

3 

4 
4 


Dec. 


430 

545 

430 
430 
480 
395 
440 
430 
395 
460 

410 
440 
5x0 
795 
6x5 


5.67 

0.3^3 

XOX3 

6.84 

89.9 
5.35 

4.7 
0.390 

0.X985 

3.0 

X3.780 

XOX7 

6.45 

83.0 
5.46 

0.3x8 

0.X985 

3.0 

X3.860 

xoia 

6.6s 

89.x 

.    *■» 

O.X98S 

3.0 

13,840 

i  right  kidney  removed — wt.  95  gms. 


xox6 
xox8 
XOX4 

X090 

10x7 
xox6 
10x8 
?ox5 


8.95 
7.9a 
7.8x 
6.69 
6.56 
6.96 
5.a5 
50 


7.09 
6.04 
6.53 
5.69 
5.60 
5.18 


4.87 


86.0 
83.4 
83.5 
85.5 
86.5 
89.9 
89.6 
89.5 


0.338 
0.315 
0.993 


4.x 


0.986 
0.966 


3.8 
3.5 
4.3 


4.6 
5.4 


0.X894 
0.1894 
0.X894 
0.964X 
0.9641 
0.964X 
0.964X 
0.9641 


4. a 
4. a 

4. a 
4.4 
4.4 
4.4 
4.4 
4.4 


4x0 
400 
940 
Soo 
770 
6x0 
760 
840 


i  left  kidney  removed — wt.  99  gms. 

4.93 

0.964 

XOX9 

5.89 

83.6 
4.83 

4.5 
0.99X 

0.1765 

3.07 

11,8x0 

XOX3 

5.65 

85.6 

S.I 

0.X765 

3.07 

XX, 960 

lOXO 

5.5a 

lost. 
6.X4 

lost. 
0.343 

0.1765 

3.07 

11,930 

X008 

7x4 

85.9 
S.3X 

0.998 

0.633s  (?) 

4.68 

19,950 

X009 
•entioi 

6.30 
i — death 

83.x 
in  3  hours. 

Oedema  of 

0.633s  (?) 
lungs. 

4.68 

X9,98S 

Albuminuria 


Diarrhoea 


Diarrhoea 


100  c.c. 
extra  water 

300  c.c. 
extra  water 


Weight  of  kidney  removed  at  first  and  second  operations..  47     gms. 
Weight  of  kidney  found  at  autopsy 43.7 gms. 


was  extirpated  and  in  the  case  of  the  former  the  remaining 
half  of  this  kidney  was  taken  out  at  a  third  operation.  In 
some  instances  one  entire  kidney  and  half  the  opposite  kidney 
were  removed  at  one  operation  without  any  immediate  ill 
effect.  The  present  work  includes  metabolism  studies  on  four 
dogs  with  varying  degrees  of  kidney  reduction,  but  a  some- 
what exhaustive  study  of  the  general  effects  of  extirpation 
and  of  the  process  of  repair  in  the  kidney  after  various  kinds 
of  operative  injury  will  be  published  later  by  Dr.  J.  A.  Samp- 
son and  myself.  At  present  it  is  sufficient  to  state  that  wc 
have  had  no  difficulty  in  keeping  animals  alive  and  in  good 
condition  without  either  general  or  local  disturbances  after 
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TABLE  11. 

(Dog  21,  ^  reduction,) 


Urine. 

Faec« 

. 

Wei^it 
Grmms. 

Date. 

Urea. 

Ammonia 

Per 

Amount 

Sp. 

Total  N. 

Gms.      Per 

Gms.      Per 

Total  N. 

Cent. 

C.C. 

Gr. 

Grams. 

Cent. 

Cent. 

Grams. 

N. 

Dec.     3 

ftt"fcfeott}R»ov«i 

8,4x0 

5-59 

0.28a 

17 

440 

10x4 

6.47 

86.4 
5. 70       ^ 

0.969 

0.X806 

4.34 

8,sxo 

i8 

437 

XOX4 

6.18 

83.7 
4.a8 

4.4 
o.aS9 

0.X806 

4.34 

8.93^ 

X9 

435 

XOX5 

5-94 

8X.7 

4.9 

0.X806 

4.34 

8. ass 

Jaa.     6 

K 

illed 

8,oso 

Weight  of  kidney  removed  at  single  operation 59     gms. 

Weight  of  kidney  remaining  at  autopsy 16.5  gms. 


Total   weight    55-5 gms. 

TABLE  in. 
(Dog  12,  spontaneous  nephritis,  unilateral  nephrectomy.) 


Urine. 

Faeces. 

Weight 
Gms. 

Date. 

Amt. 

C.C. 

S?: 

Total 

N. 
Gms. 

Urea. 
Per 
Gms.Cent. 

Anmionia. 
Per 
Gms.  Cent. 

Total 
N.Gms. 

Per 
Cent. 

N. 

Notes. 

5. 04 

0.376 

Alb.  4% 

Nov.   x6 

350 

X031 

6. 55 

77. a 
539  „ 

4. a 
0.390 

0.X514 

a. 93 

x7,8ao 

Casts  +  +  + 

x8 

300 

xoaS 

6.71 

80.4 
4.99 

4.3 
0.34S 

0.15x4 

a. 93 

17,610 

19 

axa 

X036 

6.4a 

77.8 
S.aa 

5.3 
0.36a 

0.1514 

a. 93 

X7,5ao 

ao 

a6o 

1034 

6.66 

78.4 

5.4 

0.1514 

a. 93 

17.500 

Alb.    3i% 
Casts +  +  + 

aa 

Dec.      6 

Right  Iddnc 

0.3058 

3.58 

Alb.  xi%  0 

xo 

6.05 

0.33S 

0.X981 

3.44 

Casts +  + 
300  c.c. 

IX 

40S 

X017 

7.80 

77.6 
5.a3 

4.a9 
0.313 

0.1981 

3.44 

17,1x0 

extra  water 
300  C.C. 

12 

SOS 

XOX5 

6.44 

8z.x 

4.86 

o.3io8 

3.59 

17,100 

extra  water 

x6 

o.aioS 

3.59 

ao 

Died 

durinc 

operatic 

m  on  other 

kidney,  whi 

ch  weighe 

d68gx 

ns. 

16,650 

the  removal  of  one-quarter,  one-half,  and  in  some  instances 
three-quarters  of  the  total  kidney  substance  at  one  operation. 
The  removal  of  larger  Amounts  and  occasionally  of  three- 
quarters  is  followed  by  severe  general  disturbances  which  have 
rendered  futile  all  attempts  to  maintain  the  animal  in  nitro- 
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genous  equilibrium.  In  one  instance  after  removal  of  a  con- 
siderable portion  of  the  kidney  substance,  a  nephritis  de- 
veloped, which  added  to  the  value  of  the  experiment  rather 
than  otherwise. 

TABLE  IV. 
(Dog  13,  3/4  and  6/7  reduction;  acute  nephritis,) 


Urine. 

Faeces. 

Date. 

Ui«a. 

Ammonia. 

Per 

Weight 

Amotmt 

Sp. 

Total  N. 

Per 

Per 

Total   N. 

Cent. 

Gms. 

c.c 

of. 

Gms. 

Gms.    Cent. 

Gms.    Cent. 

Gms. 

N. 

Nov.    a 

Half  left  kidney  removed,  weight  14.5  gms. 

XS.840 

13 

Entire  right  kidney  removed,  weight  4a  gms. 
Nephritis.    Alb.si  per  cent.    Abundant  casts. 

X4.000 

x6 

o.axas 

5.53 

X3,xoo 

5«<>.,v 

0.X66 

ax 

4x0 

xoxx 

5. 7a 

^   (?)9a.S 
4.84 

a. 9 

o.a5x 

xa,97o 

aa 

jao 

xox6 

4.78 

80. a 
4.6a       ^ 

5. a 
o.a7a 

13.070 

D«.,'-i 

375        XOX9 
Does  not  eat-^ 

5. 40 
more  or  le 

IS  IfUJfHlftlPff 

5. a 

I3.a70 

a. 87 

O.X43 

6 

a67 

xox6 

3.6X 

79-5 
a. 43 

4.0 
O.XX9 

0.0990 

5.74 

xa,68o 

7 

277 

loao 

3.04 

79.0 

3.9 

0.0990 

5.74 

xa,590 

9 

Eight  gms.  erf  remainder  of  left  kidney  removed. 

xo-ao 

Gastro- 

intestinal  disttirbance — does  not  eat.  Alb,  xi 

i-a  per  cent.  < 

Casts  at 

mndaat. 

x6 

1.56 

0.040 

0.X766 

6.66 

x8 

i6s 

xox6 

X.89 

8a. 5 

a.x 
o.oa8 

O.OSS7 

6.65 

10,350 

19 

xao 

XOX7 

X.47 

84.4 
0.437 

x.a 
o.5a7 

O.OS57 

6.65 

xo,aoo 

i-        ao 
ax 

ClUorol 

X008 
ormed. 

0.689 

63.4 

7.6 

0.0557 

6.65 

xo.ooo 

Weight  of  kidney  substance  removed 64.5  gms. 

Weight  of  remaining  kidney 11     gms. 

Total   weight    75.5  gms. 

The  results  are  shown  in  Tables  I,  II,  III  and  IV.  As  a 
normal  control  period  is  given  in  one  experiment  only  (Table 
I)  a  series  of  controls*  are  presented  in  Table  V.  These  give 
the  figures  in  six  dogs  fed  on  the  same  diet  and  kept  under  the 
same  conditions  as  the  dogs  with  kidney  reduction.  The 
averages  only  are  given  and  are  based  on  the  figures  of  periods 
of  three  to  five  successive  days. 

Experiment  I  shows  no  appreciable  changes  in  metabolism 
after  the  removal  of  one-half  of  one  kidney  or  one-half  of  each 
kidney.    The  animal  unfortunately  died  a  few  hours  after  the 

*  Taken  from  paper  by  Pearce.  R.  M.,  and  Jackson.  H.  C,  Experimental  Liver  Necrosis; 
in,  Nitrogenous  Metabolism.  Jour.  Exptr,  Med.,  X907.  ix,  55a. 
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TABLE  V. 
Normal  Dogs—Control 


Undeter- 

Total 

Urea. 

Ammonia. 

Creattnin. 

mined 

Dog. 

N. 

N. 

Gms. 

CeS. 

Per 

Per 

Per 

Gms 

Gms.  Cent. 

Gms.  Cent. 

Gms.  Cent. 

4.96 

0.0x9 

0.606 

o.a59 

Five    34*' period* 

A 

6. 35 

78.x 

7.9 

9-5 

4.> 

3-24 

o.xa8 

0.378 

0.108 

Four    - 

B 

3-30 

86.x 

3-3 

7.4 

a. 9 

3.98 

0.450 

0.350 

o.3a6 

Four    "         • 

C 

4.ZO 

78.4 

8.8 

6.7 

6.0 

5-39 

0.395 

0.345 

0.568 

Three  *       ■ 

D 

7.04 

8X.3 

5-5 

4.8 

8.x 

5.30 

o.4a8 

o.aSi 

0.537 

Three  -       • 

E 

6.56 

80.7 

5.8 

4.2 

7.9 

5.6X 

0.364 

0.354 

o.ai3 

Three  " 

F 

6.57 

85.3 

5-5 

54 

3.4 

4.34 

0.33a 

o.ao8 

0.377 

Four    ■       • 

G 

5.36 

8a. 0 

6.7 

3-9 

7.4 

Average 

Percent. 

81.7 

6. a 

6.0 

5.7 

third  operation  with  no  lesions  discoverable  at  autopsy  except 
a  very  extensive  edema  of  the  lungs. 

Experiment  II  indicates  that  the  removal  of  two-thirds  of 
the  entire  kidney  substance  at  one  operation  does  not  interfere 
with  the  general  condition  of  the  animal  as  shown  by  the  con- 
stant weight  and  normal  metabolism  figures. 

The  third  experiment  made  on  an  animal  with  a  spontaneous 
nephritis,  a  condition  occasionally  found  in  stray  dogs,  shows 
that  this  lesion  has  no  effect  on  metabolism,  even  after  the 
kidney  substance  is  reduced  one-half  by  a  unilateral  nephrec- 
tomy. 

The  fourth  experiment  was  not  planned  for  a  study  of  me- 
tabolism, but  when  it  was  found  that  an  animal  with  but  one- 
quarter  of  its  kidney  substance  had  developed  an  acute  nephri- 
tis, thus  diminishing,  it  was  assumed,  the  functional  capacity 
of  the  fractional  portion  of  the  kidney  remaining,  it  seemed 
too  good  an  opportunity  to  lose  and  the  animal  was  placed 
on  a  constant  diet  and  the  metabolism  experiments  carried  out 
six  days  later.  This  animal,  despite  the  great  reduction  of 
kidney  substance  and  the  presence  of  a  nephritis,  had  a  normal 
metabolism  during  the  first  three  day  observation  period.  Two 
weeks  later,  however,  when  appetite  had  begun  to  fail  equi- 
librium was  lost,  although  no  change  in  the  percentage  rela- 
tions of  nitrogen  was  evident. 

But  after  another  period  of  two  weeks  had  elapsed,  and  the 
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kidney  substance  had  still  further  been  reduced  by  operation, 
leaving  the  animal  with  but  one-seventh  of  its  original  kidney 
material,  a  change  in  the  urea-ammonia  ratio,  indicative  of 
inanition,  occurred.  That  this  final  change  is  due,  as  Bain- 
bridge  and  Beddard  claim,  to  inanition  there  can  be  no  doubt. 
Up  to  this  point,  the  beginning  of  starvation,  the  changes  in 
urea  described  by  Bradford  were  not  observed. 

The  discrepancy  between  these  results  and  those  of  Brad- 
ford require  a  word  of  comment.  Bradford,  it  will  be  remem- 
bered, found  an  increase  of  urea  to  occur  with  considerable  fre- 
quency after  removal  of  one-half  or  two-thirds  of  the  kidney 
substance  and  almost  constantly  after  removal  of  three-fourths. 
In  the  experiments  here  quoted  the  urea  remained  constant 
until  the  period  of  inanition.  In  my  experiments  exact 
twenty-four-hour  samples  of  urine  were  obtained  by  catheter- 
ization, the  animals  were  kept  on  a  constant  diet  (casein,  lard, 
cracker  dust)  and  the  more  exact  Morner-Sjoquist  method  for 
the  determination  of  urea  was  used.  Bradford's  estimations 
on  the  other  hand  were  based  on  the  amount  of  urine  voided 
naturally  in  twenty-four  hours;  the  diet  (meat  and  biscuit) 
was  weighed  accurately  but  was.  administered  according  to  the 
appetite  of  the  animal;  and  the  urea  was  estimated  by  the 
relatively  inaccurate  hypobromite  method.  The  differences  in 
methods  explain,  I  think,  the  variance  in  results. 

Creatinin  estimations  were  not  made  in  these  experiments  on 
account  of  the  negative  results  obtained  by  Bainbridge  and 
Beddard.  The  undetermined  nitrogen  was  therefore  not  cal- 
culated, but  if  the  averages  for  creatinin  in  normal  dogs,  pre- 
sented in  Table  V,  are  taken  as  indicating  the  probable 
creatinin  excretion  and  added  to  the  urea  and  ammonia  per- 
centage it  is  found  that  the  undetermined  nitrogen  does  not 
in  any  instance,  except  in  the  dog  with  spontaneous  nephritis 
(Table  III)  and  in  the  later  period  of  Dog  13  (Table  IV), 
vary  widely  from  the  normal  average  of  five  and  seven-tenths 
per  cent.  In  this  regard  the  nitrogen  determination  would 
therefore  also  appear  to  be  normal.  As  far  as  the  urine  is 
concerned  it  would  appear  that  no  evidence  is  at  hand  to  in- 
dicate that  the  kidney,  through  an  internal  secretion  or  other- 
wise, has  any  influence  on  general  nitrogenous  metabolism  and 
I  believe  the  theory  of  internal  secretion  in  this  regard  at  least 
may  be  set  aside.    There  remains,  however,  the  very  important 
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question  of  why  the  removal  of  more  than  three-fourths  of 
the  kidney  substance  leads  to  loss  of  appetite  and  consequent 
inanition.  Although  vomiting  occasionally  occurred  in  these 
animals  it  did  not  seem  to  be  sufficiently  frequent  or  severe  to 
indicate  a  general  gastro-intestinal  disturbance.  To  test  this 
point  extirpation  of  the  kidney  was  done  on  two  dogs  after 
the  establishment  of  a  gastric  fistula.  In  this  way  it  "was 
hoped  that  the  food  necessary  for  nitrogenous  equilibrium 
could  be  introduced  artificially  and  by  examination  of  both 
urine  and  feces  some  light  might  be  thrown  on  the  cause  of 
the  disturbance.  These  efforts  were  rendered  futile,  however, 
by  the  inability  of  the  stomach  to  retain  the  materials  intro- 
ducd.  The  conclusion  is  inevitable  therefore  that  although 
the  kidney  appears  to  have  no  direct  influence  on  nitrogenous 
metabolism  the  removal  of  large  portions  of  its  substance 
does  indirectly  lead  to  disturbances  of  general  nutrition  by  in- 
terfering apparently  with  the  functions  of  the  alimentary  canal. 

Examination  of  the  Feces.  The  occurrence  of  serious  gastric 
and  intestinal  disturbances  in  these  animals  after  kidney  re- 
duction and  their  general  similiarity  to  lesions  occurring  oc- 
casionally in  man  in  the  course  of  chronic  nephritis  led  me, 
in  view  of  our  more  recent  ideas  of  the  chemical  control  of 
the  body  and  the  influence  of  one  secretion  on  another,  so  well 
brought  out  by  Starling  and  Baylis's  investigations,  to  study 
the  feces  of  the  animals  in  order  to  determine  if  partial  ne- 
phrectomy had  any  influence  on  digestion,  absorption  or 
elimination  into  the  intestine.  Brainbridge  and  Beddard's 
claim  that  the  disturbance  in  metabolism  is  due  to  inanition 
dependent  on  vomiting  and  diarrhea  with  eventual  failure  to 
take  food  and  not  to  a  direct  influence  of  the  kidney  dodges 
the  question.  The  point  to  be  determined  is  whether  or  not 
the  gastric  and  intestinal  disturbances  are  caused  by  faulty 
absorption  or  by  digestive  disturbances  due  to  the  elimination 
into  the  intestine  of  products  normally  removed  by  the  kid- 
neys. The  demonstration  of  such  a  relation  would  be  import- 
ant not  only  as  an  illustration  of  the  chemical  interrelation- 
ship between  various  organs,  but  would  also  aid  in  explaining 
similar  disturbances  associated  with  the  nephritis  of  man. 

These  latter  which,  I  understtand,  are  frequently  so  severe 
as  to  present  symptoms  closely  resembling  a  violent  gastro- 
enteritis have  been  ascribed  in  part  to  alterations  of  the  mucosa 
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due  to  edema,  and  in  part  to  the  influence  of  the  uremic  con- 
dition on  the  central  nervous  system.  While  these  explana- 
tions account  for  many  of  the  symptoms,  others,  according  to 
von  Noorden,*  must  be  attributed  to  toxic  chemical  action. 
In  fact  recent  investigations  show  that  in  uremia  substances 
usually  eliminated  by  the  kidneys  are  secreted  vicariously  into 
the  alimentary  tract.  "  Of  these,  the  most  irritating  chemi- 
cally is  ammonia,  which  is  formed  in  the  intestine  by  decom- 
position of  the  secreted  urea.  It  is  also  noticeable  that  the 
feces  in  uremic  diarrhea  are  extremely  rich  in  ammonia." 

Studies  of  the  feces  having  for  their  object  the  determina- 
tion of  the  degree  of  absorption  in  nephritis,  for  which  we  are 
indebted  mainly  to  von  Noorden,  show  that  the  absorption  of 
fats  is  very  complete.  The  situation  in  regard  to  nitrogen  is 
not  so  clear,  the  loss  in  some  cases  being  greater  than  normal 
-while  in  others  an  abnormally  high  percentage  is  found.  The 
variation  in  some  individuals,  without  a  corresponding  change 
in  diet,  or  in  the  nature  of  the  stools,  or  in  the  general  condi- 
tion and  with  no  change  in  the  percentage  of  dry  substances 
or  fat  content  of  the  feces,  led  von  Noorden  to  the  conclusion 
that  the  increase  of  nitrogen  was  due  not  to  impaired  absorp- 
tion, but  to  the  vicarious  excretion  of  metabolites  stored  up  in 
the  organism.  In  many  cases  the  excretion  remained  normal. 
High  amounts,  above  three  grams  daily,  were  found  in  nephri- 
tis only  in  diarrhea  (uremic)  and  were  due  largely  to  a  high 
content  of  ammonium  salts,  constituting  sometimes  ten  to 
twenty  per  cent,  of  the  total  fecal  nitrogen. 

In  the  four  experiments  tabulated  above  the  total  nitrogen 
in  the  feces  evacuated  during  control  periods  and  periods  of 
metabolism  study  was  estimated.  The  results  as  seen  in  the 
tables  indicate  no  marked  change  in  the  total  nitrogen  or  its 
percentage  relation,  except  possibly  in  Experiment  IV.  In 
this  animal  with  but  one-seventh  of  its  kidney  substance, 
which  after  the  first  operation  developed  a  severe  nephritis, 
the  percentage  of  nitrogen  in  the  feces  apparently  shows  a 
somewhat  marked  increase  as  compared  with  the  other  dogs. 
Unfortunately,  no  control  figures  on  this  animal  are  at  hand. 
The  low  total  nitrogen  combined  with  a  high  percentage  would 
appear  to  indicate  the  presence  of  substances  of  a  higher  nitro- 

*  Von  Noorden,  C,  Metabolism  and  Practical  Medicine  (Vol.  u).    Chicago,  1907. 
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gen  percentage  content  (e,  g.,  ammonia)  than  those  normally 
present  in  the  feces.  This  phase  of  the  problem  will  be 
further  investigated. 

The  inanition  due  to  gastro-intestinal  disturbance  cannot 
therefore  be  explained  by  impaired  absorption,  or,  except  as 
possibly  indicated  by  Experiment  IV,  by  an  undue  elimination 
of  nitrogenous  substances.  Irritation  by  increased  elimination 
of  toxic  substances,  non-nitrogenous  in  nature,  may  be  a  fac- 
tor, but  upon  this  point  I  have  as  yet  no  observations. 

CONCLUSIONS. 

1.  The  removal  of  one-half,  two-thirds  and  sometimes  three- 
quarters  of  the  kidney  substance  in  the  dog  causes  no  change 
in  the  general  nitrogenous  metabolism  as  determined  by  esti- 
mations of  the  total  nitrogen,  urea  and  ammonia  elimination 
by  the  urine. 

2.  The  removal  of  larger  amounts,  and  sometimes  of  three 
quarters  of  the  substance,  leads  to  the  metabolism  condition 
of  starvation.  This,  however,  is  apparently  the  result  of  the 
gastro-intestinal  disturbance  constantly  associated  with  exten- 
sive kidney  reduction  and  not  of  a  disturbance  of  general  nitro- 
genous metabolism. 

3.  The  determination  of  the  amount  of  fecal  nitrogen  indi- 
cates that  the  gastro-intestinal  disturbance  is  not  due  to 
diminished  absorption;  and  except  in  one  instance  there  was 
no  evidence  of  its  being  due  to  an  increased  elimination  of 
nitrogenous  substances  into  the  intestine. 

4.  These  experiments  do  not  support  the  theory  that  the 
kidney  furnishes  an  internal  secretion  having  an  important 
influence  on  general  nitrogenous  metabolism.  At  least,  if  such 
a  function  exists,  it  is  not  disturbed  by  the  removal  of  three- 
quarters  of  the  kidney  substance. 

5.  The  metabolism  in  excessive  kidney  reduction  is  that  of 
inanition  dependent  on  gastro-intestinal  disturbances  pre- 
sumably due  to  faulty  chemical  correlation.  In  this  connec- 
tion further  knowledge  concerning  the  elimination  into  the 
intestines  of  toxic  substances  is  desirable. 
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CONCERNING  THE  PRESENCE  OF  NEPHROTOXIC 

SUBSTANCES  IN  THE  SERUM  OF  ANIMALS 

WITH  EXPERIMENTAL  NEPHRITIS.* 

By  RICHARD  M.  PEARCE,  M.  D. 

AND 

H.   P.   SAWYER,   M.  D. 

During  the  period  of  the  active  investigation  of  cytotoxic 
immune  sera  many  attempts  were  made  to  utilize  the  results 
of  the  study  of  nephrotoxic  sera  in  the  explanation  of  various 
complications  of  chronic  renal  disease.  It  was  assumed  that 
if  the  injection  into  an  animal  of  kidney  parenchyma  caused 
the  appearance  in  the  serum  of  that  animal  of  a  substance 
toxic,  upon  injection,  for  the  kidney  of  another  animal 
(heteronephrotoxin)  it  should  be  possible  also  to  produce 
toxic  substances  in  the  serum  of  the  same  animal  by  so  in- 
juring its  kidney  as  to  cause  degeneration  of  the  renal  cells. 
The  production  of  such  a  serum  (autonephrotoxin)  by  injur- 
ing one  kidney,  as  by  ligation  of  ureter,  vessels,  or  entire 
pedicle,  was  attempted  by  several  investigators,  who  claimed 
to  be  able  to  thus  produce  histological  changes  in  the  opposite 
kidney  with  the  appearance  of  albumin  in  the  urine.  The 
serum  of  such  animals  also,  it  was  claimed,  had  a  similar 
effect  if  introduced  into  a  normal  animal  of  the  same  species 
(isonephrotoxin).  Upon  such  experiments  was  based  the 
theory  that  in  chronic  nephritis  the  continual  degeneration  of 
renal  parenchyma  was  accompanied  by  an  equally  constant 
formation  of  autonephrolysin,  the  one  dependent  on  the  other, 
and  that  there  was  thus  brought  into  play  a  vicious  circle 
capable  of  explaining  the  course  of  this  disease.  Unfortu- 
nately for  this  and  other  theories  based  on  similar  observa- 
tions, much  of  the  early  work  on  immune  cytotoxins,  on  ac- 
count of  faulty  methods,  has  been  discarded;  the  theory  of 
specificity  has  been  set  aside,  and  the  observation  concerning 
the  production  of  autonephrotoxin  by  experimental  ligation 
cannot  be  confirmed. 

There  is,  however,  a  phenomenon  brought  out  by  the  in- 
vestigations along  this  line  which  remains  unexplained  and 

•  Work  aided  by  a  grant  from  the  Rockefeller  Institute  for  Medical  Research.     Published 
alto  in  Jour,  of  Mtd.  Rguarch,  1908,  xix,  269. 
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which  is  of  peculiar  interest  in  connection  with  any  discus- 
sion of  the  pathology  of  nephritis.  This  is  the  observation 
of  Lindemann*  that  the  serum  of  an  animal  suflFering  from  an 
experimental  chromate  nephritis  has  the  power  to  produce 
lesions  of  the  kidney  when  introduced  into  a  normal  animal 
and  also  my  own'  observation  of  similar  results  when  the 
serum  of  dogs  with  spontaneous  nephritis,  or  of  those  with 
lesions  due  to  nephrotoxic  serum,  as  had  also  been  noted  by 
Bierry,*  are  introduced  into  normal  dog^.  Such  injections 
cause  the  excretion  of  albumin  and  casts  and  histological 
changes  in  the  kidney.  These  observations  which,  as  far  as 
I  am  aware,  have  never  been  questioned,  indicate  the  pres- 
ence in  the  serum  either  of  a  substance  formed  anew  during 
a  nephritis  or  an  accumulation  of  toxic  substances  (metab- 
olites) normally  eliminated  by  the  kidney.  The  phenome- 
non is  quite  distinct  from  that  of  the  action  of  a  substance 
produced  by  immunization,  as  it  represents  presumably  the 
action  of  a  substance  or  substances  resulting  from  tissue 
destruction,  or  faulty  function,  or  both.  If  found  to  be  a 
constant  attribute  of  the  serum  of  experimental  nephritis  it 
is  a  matter  of  extreme  importance  in  connection  with  the 
pathology  of  chronic  nephritis.  We  have,  therefore,  largely 
on  account  of  the  interest  of  one  of  us  in  various  problems 
of  chemical  correlation  as  applied  to  the  kidney^  re-opened 
the  subject  in  the  hope  of  determining  upon  what  factors  the 
observation  in  question  rests. 

Methods.  From  the  outset  the  object  of  our  investigation 
has  been  not  so  much  the  accumulation  of  positive  evidence 
in  support  of  this  phenomenon  as  a  thorough  control  study 
of  the  possibilities  of  error.  As  we  have  taken  the  appearance 
of  coagulable  protein  in  the  urine  as  the  criterion  of  kidney 
injury,  we  have  attempted  to  control  every  other  possible 
source  of  such  protein.  For  this  reason  and  because  the  phe- 
nomenon has  been  frequently  quoted  and  generally  accepted 
by  writers  on  diseases  of  the  kidney  we  present  our  methods 

>  Lindemann,  W.      UebeH  du  Weten  der  toxischen  Nephritis.    CtntroA.  f.  aUg,  PaA, 
M.  path,  anat.,  1900,  xi,  308. 

*  Pearoe.  R.  M.      An  experimental    study  of  nephrotoxins.     Unio.  of  Pnm,  Bmtt., 
1903,  xvi,  ax7. 

*  Bierry.  H.     Recherches  sur  Tinjection  de  sang  et  de  scrums  nephrotoxiques  au  cheis. 
C.  R.  Acad.  d.  Sciences,  xqoi,  cxxxii,  1x45. 

^  Pearce.  R.  M.     The  theory  of  chemical  correlation  as  applied  to  the  pathology  of  th« 
Iddney.     Annual  Address  before  the  Philadelphia  Pathological  Society.  April  S3.  1008. 
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and  results  in  considerable  detail.  As  this  study  is  largely  a 
control  investigation  of  a  definite  phenomenon  and  not  of  the 
methods  of  producing  it,  and  as  Bierry  and  Pearce  are  in  ac- 
cord concerning  the  action  of  the  serum  of  an  animal  in  which 
nephritis  has  been  produced  by  a  nephrotoxic  immune  serum, 
we  have  not  repeated  the  experiments  of  the  former,  but  have 
adopted,  instead,  Lindemann's  simpler  method  of  utilizing  the 
serum  of  animals  with  chromate  nephritis.  A  study  has  also 
been  made  of  the  effect  of  the  serum  of  animals  with  uranium 
nephritis. 

The  demonstration  of  the  possible  toxic  action  of  a  serum 
on  the  kidney  has  been  attempted  in  two  ways;  first  by  the 
examination  of  the  urine  after  the  injection  of  the  serum  of 
animals  with  experimental  nephritis  and  second,  the  action 
of  such  serum,  in  vitro,  upon  renal  cells.  Dogs  and  rabbits 
were  used.  In  experiments  of  the  first  type  the  urine  was 
examined  for  several  days  or  a  week  for  albumin  and  casts. 
This  is  very  important  in  both  dogs  and  rabbits,  but  espe- 
cially in  the  former  on  account  of  the  frequency  of  spontane- 
ous chronic  nephritis.  The  animals  which  were  to  furnish 
the  serum  received  injections  of  either  potassium  chromate 
or  bichromate  or  of  uranium  nitrate.  The  former  were  given 
subcutaneously  to  rabbits  in  doses  .03  gram  and  to  dogs  .06 
gram  daily  or  every  other  day,  and  the  latter  in  like  manner 
in  doses  of  .0075  gram  to  rabbits  and  .015  gram  to  dogs. 
An  estimation  of  the  degree  of  kidney  injury  was  obtained 
by  daily  examination  of  the  urine.  The  animals  were  bled 
from  the  femoral  artery  after  periods  varying  from  two  to 
five  days.  The  serum  thus  obtained  was  injected  into 
normal  animals,  always  of  the  same  species,  as  soon  as  pos- 
sible after  bleeding,  usually  within  two  to  four  hours,  though 
occasionally  on  account  of  the  slow  separation  of  the  clot,  the 
serum  stood  over  night  before  being  used.  The  injections 
into  rabbits  were  made  into  the  ear  vein  without  anesthesia. 
Dogs  received  the  serum  either  in  the  abdomen  without  anes- 
thesia or,  after  incision  of  the  skin,  in  a  small  subcutaneous 
vein  opposite  the  second  joint  of  the  hind  leg  under  light 
ether  anesthesia. 

In  these  experiments  the  presence  of  coagulable  protein  and 
of  casts  in  the  urine  has  been  taken  as  evidence  of  an  influence 
of  the  serum  upon'the  kidney.    All  possibilities  of  contamina- 
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tion  of  the  urine  were  avoided.  The  animals  were  kept  in 
metabolism  cages  which  were  scrupulously  cleaned  daily  and 
the  food  limited  to  dog  biscuit,  which  could  not  readily  be- 
come mixed  with  the  urine.  In  those  experiments  with  dogs 
in  which  the  skin  was  incised  before  the  injection  the  wound 
was  carefully  dressed  in  order  to  prevent  oozing  of  blood  or 
serum.  Dogs  developing  a  diarrhea,  as  occasionally  happened, 
were  discarded. 

Owing  to  the  almost  constant  presence  of  mucin   in  the 
dog's  urine,  as  shown  by  Jackson  and  one  of  us"  elseivhere, 
and  the  necessity  of  controlling  this  in  the  test  for  albumin, 
the    following   procedure   was    adopted:    Four   portions    of 
absolutely  clear  filtered  urine  were  placed  in  test-tubes;  the 
first  served  as  control,  to  the  second  acetic  acid  only  was 
added,  to  the  third  acetic  acid  and  potassium  ferrocyanide 
solution   ,and  the  fourth  was  heated  and  acetic  acid   then 
added.    The  amount  of  acid  added  to  each  tube  was  always 
the  same  and  approximately  the  same  quantity  urine  was 
used  daily.     By  this  method  the  clouding  or  precipitate  due 
to  mucin  was,  we  think,  accurately  controlled.    This  cloud- 
ing of  normal  dog's  urine  by  the  presence  of  mucin  may  be 
expressed  thus  o,  +,  +,  +.    This  we  have  taken  as  a  normal 
standard  and  when  clouding  in  both  third  and  fourth  tubes 
has  been  greater  than  that  in  the  second  we  have  considered  it 
evidence  of  the  presence  of  protein,  and  the  degree  of  clouding 
we  have  indicated  by  multiplying  plus  signs. 

The  centrifugalized  sediment  of  the  urine  has  been  ex- 
amined with  special  regard  to  the  presence  of  casts,  renal 
cells,  and  red  and  white  blood  corpuscles. 

Results,  Eight  dogs  received  the  serum  of  dogs  with 
chromate  nephritis.  Of  these  four  were  injected  intravenously. 
In  one,  receiving  the  serum  in  dose  of  one  cubic  centimeter  to 
five  hundred  and  seventy-eight  grams  of  body  weight,  no 
change  in  the  urine  occurred.  In  a  second  and  a  third,  doses 
of  one  to  four  hundred  and  ninety-three  and  one  to  three  hun- 
dred and  fifty  respectively,  a  trace  of  protein  was  present  in 
the  urine  on  the  day  following  the  injection.  In  the  latter 
of  these  a  few  finer  granular  casts,  renal  cells,  and  leucocytes 


*  Pearce.  R.  M..  and  Jackson.  H.  C.     Concerning  the  production  of  cytotoxic 
tha  injection  of  nudeo-proteida.    Jour.  Infect.  Dis.,  1906.  iU,  749. 
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were  found  in  the  sediment.    The  fourth  experiment  is  given 
in  detail,  as  follows: 

Dog  6i. — ^February  28,  female,  weighing  fifteen  thousand  three  hundred 
thirty  grams,  placed  in  metabolism  cage. 

February  29  to  March  3,  urine  contains  no  albumin  and  sediment  is 
negattve. 

March  3,  received  in  small  vein  of  leg  under  light  ether  anesthesia, 
thirty-two  cubic  centimeters  (dose  i  to  480)  of  serum  of  chromate  dog. 

March  4,  cage  urine  (seventy  cubic  centimeters,  Sp.  Gr.  1034)  con- 
tains a  considerable  amoimt  of  coagulable  protein  which  unfortunately 
was  not  estimated.  Sediment  shows  numerous  fine  fat  globules  and  cells 
of  the  type  of  renal  cells  and  a  few  polymorphonuclear  leucocytes;  no 
casts,  no  red  blood  corpuscles.  Urine  from  bladder  at  11  a.  m.  amounts 
to  seventy  cubic  centimeters  with  a  specific  gravity  of  1020  and  contains 
five-tenths  per  cent  protein  by  the  Esbach  method.  Sediment  contains 
numerous  cells  of  renal  type  and  a  few  leucocytes.  Urine  from  bladder 
at  3  p.  m.,  sixteen  cubic  centimeters  in  amount,  Sp.  (jr.  1034,  protein  two 
and  five-tenths  per  cent,  sediment  unchanged. 

March  5,  cage  urine  amounts  to  one  hundred  fifty-four  cubic  centi- 
meters, specific  gravity  is  104a  and  Esbach  method  gives  two  and  five- 
tenths  per  cent  protein;  sediment  as  on  the  fourth.  Urine  from  bladder 
at  9  a.  m.  contains  but  a  trace  of  protein  with  elements  of  sediment 
fewer  in  number. 

March  6,  protein  twenty-five  hundredths  per  cent.,  sediment  contains 
few  renal  and  pus  cells  but  no  casts. 

March  7,  ditto. 

March  8,  urine,  one  hundred  sixty-five  cubic-  centimeters,  specific 
gravity  1038,  color  amber,  protein  twenty-five  hundredths  per  cent,  sedi- 
ment contains  a  small  number  of  renal  cells  and  leucocytes  and  fat 
globules  and  for  the  first  time  a  few  finely  granudar  casts. 

March  9  and  10,  protein  and  sediment  as  on  the  eighth. 

March  11,  two  hundred  and  seventy-five  cubic  centimeters  of  urine, 
specific  gravity  1029,  protein  in  traces  which  cannot  be  estimated  by 
Esbach.    Sediment  negative   except  for  an  occasional  leucocyte. 

March  12  to  15,  urme  normal.  Weight  of  dog  on  March  15  fourteen 
thousand  four  hundred  twenty  grams. 

In  order  to  control  the  possible  toxic  action  of  ether  on 
the  kidney  and  also  any  accidental  admixture  of  protein  to 
the  urine,  by  oozing  of  blood  or  serum  from  the  incision 
over  the  injected  vein,  four  dogs  received  serum  injected 
directly  into  the  peritoneal  cavity  without  ether  and  without 
incision.  The  dose  varied  from  one  to  two  hundred  and 
eighty-seven  to  one  to  four  hundred  and  ninety.  In  all  of 
these  the  injection  was  immediately  followed  by  the  appear- 
ance in  the  urine  for  a  period  of  two  to  five  days  of  traces 
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of  protein  and  small  numbers  of  finely  granular  casts,  but  in 
none  was  the  amount  of  protein  equal  to  that  in  the  urine  ot 
dog  61  previously  described.  The  following  experiment  is 
typical  of  this  group : 

Dog  63. — ^February  28,  male  puppy,  weighing  four  thousand  nine  hun- 
dred and  seventy  grams,  placed  in  metabolism  cage.  February  29  to 
March  3,  urine  normal.  Results  of  tests  for  protein  give  the  mucin 
reaction  (o,  +,+,+).    Sediment  n^^ative. 

March  4,  ten  cubic  centimeters  of  chromate  serum  (dose  1-490)  in- 
jected into  peritoneal  cavity. 

March  5,  protein  tests,  o,  +,  s+,  3+;  sediment;  few  renal  cells  and 
leucocytes;  no  casts. 

March  6,  protein  tests  ditto,  sediment  as  above  with  addition  of  a  few 
finely  granular  casts.  , 

March  7,  no  urine. 

March  8,  as  on  sixth. 

March  9,  10,  and  11,  urine  normal. 

It  is  worthy  of  note  that  the  lesions  produced  were  not 
as  severe  or  as  constant  as  those  described  by  Lindemann. 

The  experiments  with  uranium  serum  include  one  dog  in- 
jected intravenously  and  four  intraperitoneally.  The  intrave* 
nous  injection  (dose  i  :iooo)  was  followed  by  an  elimination: 
ai  casts  without  albuminuria.  The  casts  were  present  in 
small  numbers  and  were  of  a  finely  granular  type  with  an  oc- 
casional  hyaline  or  epithelial  cast  and  a  few  renal  and  white 
blood  cells.  The  casts  appeared  on  the  first  and  third  days 
after  injection  and  could  not  be  found  on  the  fourth  and  fifth 
days.  Casts  had  not  been  present  in  the  preliminary  examina- 
tion covering  a  period  of  six  days. 

On  account  of  the  peculiar  result  of  this  experiment  the 
animal  was  injected  intraperitoneally  on  the  fifth  day.  The 
same  serum,  which  had  been  kept  on  ice,  was  used  (in  the 
dose  of  1:370).  Casts  of  the  finely  granular  and  hyaline 
types  and  renal  cells  and  leucocytes  reappeared  in  the  urine 
for  two  days,  but  no  protein  could  be  detected. 

Of  the  three  experiments  in  which  uranium  serum  was 
injected  intraperitoneally,  one  (dose  i  :4o8)  was  negative  and 
the  other  two  (doses  1 1400  and  i  :635)  showed  a  transient 
elimination  of  small  amounts  of  coagulable  protein  with,  in 
one,  a  few  hyaline  and  finely  granular  casts  and  in  the  other- 
no  casts. 
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Although  these  experiments  with  dogs  give  a  fair  propor- 
tion of  positive  results,  a  small  number  of  similar  experi- 
ments with  rabbits  were  absolutely  negative.  Three  rabbits 
received  uranium  serum  and  two  chromate  serum  in  doses 
of  five  to  twelve  cubic  centimeters  (i:iio  to  1:350)  with  no 
change  whatever  in  the  urine. 

Although  this  investigation  has  to  do  mainly  with  the 
effect  of  the  serum  of  experimental  nephritis,  the  detection  in 
the  course  of  our  routine  examinations  of  several  instances  of 
spontaneous  nephritis  has  permitted  the  testing  of  such  serum. 
In  an  earlier  communication,  one  of  us^  describes  the  occur- 
rence of  albuminuria  with  the  elimination  of  casts  in  three  of 
seven  dogs  receiving  such  serum  intravenously.  Of  the  pres- 
ent experiments,  two  in  number,  one  confirms  this  earlier 
experience.  The  serum  of  a  dog  with  spontaneous  nephritis, 
eliminating  from  two  to  five  per  cent,  protein  and  an 
abundance  of  casts  throughout  the  month  during  which  it 
was  under  observation  had  a  definite  nephrotoxic  power  (in 
the  dose  of  1:210).  The  serum  of  a  second  dog  with  a 
less  severe  nephritis  had  no  effect  in  the  same  dose. 

The  occurrence  of  spontaneous  nephritis  in  the  rabbit  was 
observed  but  once.  An  animal  eliminating  .5  to  1.25  per 
cent,  protein  daily  was  bled  and  its  serum  injected  in  doses 
of  ten  cubic  centimeters  (1:150)  into  two  rabbits  with  no 
eflfect. 

In  three  instances  dogs  with  spontaneous  nephritis  were 
utilized  in  another  way.  It  occurred  to  us  that  if  the  serum 
of  an  experimental  nephritis  has  a  toxic  action  on  a  normal 
kidney  it  might  have  the  power  to  aggravate  an  existing 
spontaneous  nephritis.  One  of  these  dogs  therefore  was 
injected,  intravenously,  with  uranium  serum  (dose  of  i  u^oo) 
and  a  second  with  chromate  serum,  intraperitoneally  (dose 
of  1 :46o),  but  without  effect  on  the  elimination  of  protein 
or  casts.  In  a  third  experiment  of  this  type  a  dog  weighing 
nine  thousand  ten  grams,  with  a  very  severe  nephritis,  re- 
ceived at  the  same  time  forty  cubic  centimeters  of  uranium 
serum,  intravenously,  and  twenty  cubic  centimeters  in  the 
abdomen,  without  result. 

A  word  may  be  said  about  another  phase  of  this  subject. 
Bierry  and  also  Pearce  have  shown,  apparently  conclusively, 
that  the  serum  of  a  dog  suffering  from  a  nephritis  caused  by 


1  Pearce.  R.  M..  and  Jackson,  H.  C.  loc.  cit. 
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a  heteronephrotoxic  serum  (prepared  by  injecting  the  rabbit 
with  dog's  kidney)  has  a  definite  nephrotoxic  power  when 
injected  into  the  blood  stream  of  a  second  dog.  We  have 
not  repeated  these  experiments,  but  in  the  course  of  our 
work  on  another  problem  we  found  it  necessary  to  procure 
the  reverse  type  of  immune  nephrotoxic  serum,  that  is,  one 
toxic  for  the  rabbit's  kidney  (prepared  by  injecting  rabbit's 
kidney  into  the  dog).  This  serum  had  a  definite  toxic  action 
on  rabbit's  kidney,  but  the  serum  of  rabbits  so  treated  when 
injected  into  normal  rabbits  (dose  i  :ioo  to  i  :20o)  had  no 
nephrotoxic  eflFect,  as  is  the  case  in  the  dog. 

It  is  noteworthy  that  by  no  method  of  experimentation 
have  we  been  able  to  demonstrate  a  nephrotoxic  action  of 
the  serum  of  rabbits  with  kidney  injury. 

The  question  arises  as  to  whether  the  toxic  action  of  the 
serum  of  an  experimental  nephritis  in  the  dog  may  be  due, 
not  to  some  peculiar  substance  developing  as  the  result  of 
injury  to  kidney  cells,  but  to  metabolites  retained  as  the  result 
of  imperfect  kidney  function.  We  have  performed  no  experi- 
ments, such  as  the  injection  of  the  serum  of  animals  with 
complete  nephrectomy,  to  test  this  point,  but  have  found 
that  the  serum  of  animals  with  experimental  reductions  of 
the  kidney  substance  to  one-fourth  the  normal  amount  has 
no  effect  on  the  kidney  of  normal  dogs.  This  conclusion  is 
based  on  experiments  with  the  sera  of  two  dogs,  the  serum 
of  one  obtained  one  month  and  of  the  other  two  months 
after  extirpation  of  three-quarters  of  the  kidney  substance. 
Thirty  cubic  centimeters  of  the  first  serum  was  injected  in  a 
dog  weighing  five  thousand  four  hundred  forty  grams  and 
thirty-two  of  the  latter  in  a  dog  six  thousand  grams  in 
weight.    In  neither  did  protein  or  casts  appear  in  the  urine. 

The  power  of  the  serum  of  experimental  nephritis  to  aggluti- 
nate renal  cells  in  vitro  was  tested  with  seven  sera.  A  mixture 
of  renal  cells  in  salt  solution  was  prepared  from  the  washed 
kidney,  and  to  one-half  cubic  centimeter  lots  in  test-tubes 
were  added  five  cubic  centimeters  of  each  of  the  sera  to  be 
tested.  Cell  mixtures  and  sera  were  used  within  a  few  hours 
after  they  were  obtained.  Observations  were  made  every 
hour  for  six  hours.  As  a  control,  normal  dog  serum  was  used. 
Three  sera  of  dogs  with  uranium,  three  with  chromate,  and 
one  with  spontaneous  nephritis  were  tested  in  this  way.    In 
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no  instance  did  agglutination  occur,  and  the  degree  of  precipi- 
tation did  not  differ  from  that  of  the  control.  No  difference 
in  cell  structure  could  be  detected  by  microscopic  examination. 

In  so  far  as  this  method  of  testing  may  be  of  value  these 
results  point  to  the  absence  of  an  isonephrotoxic  activity  of 
the  serum  of  experimental  nephritis  and  the  results  are  not 
in  accord  with  those  obtained  by  injecting  the  same  sera  into 
the  living  animal. 

In  addition  to  the  various  methods  of  control  which  we 
have  described,  there  is  naturally  the  question  of  the  elimina- 
tion by  the  kidney  of  an  excess  of  protein  injected  into  the 
blood  stream.  In  view  of  the  fact  that  the  injections  have 
always  been  made  into  an  animal  of  the  same  species  and 
also  that  the  amounts  injected  have  been  comparatively 
small,  this  factor  could  be  set  aside  at  once  if  it  were  not  for 
a  curious  observation  of  Weiss.*  This  investigator  as  the 
result  of  a  very  extensive  series  of  experiments  came  to  the 
conclusion  that  all  foreign  sera  cause  albuminuria  of  some 
degree,  but  that  homologous  sera  do  not  except  when  the 
serum  of  one  sex  is  injected  into  the  opposite  sex.  His  evi- 
dence on  the  latter  point,  however,  rests  on  a  single  experiment 
in  which  traces  of  protein  resulted  from  injecting  the 
serum  of  a  male  into  a  female  rabbit  and  his  quotation  of 
Favaret's  single  observation  of  a  like  result  upon  injecting 
the  serum  of  a  bitch  into  a  dog.  In  our  control  experiments, 
we  have  kept  this  point  in  mind,  but  have  not  been  able  to 
confirm  it.  In  the  dog,  injections  of  normal  dog  serum  in 
doses  as  high  as  one  to  three  hundred,  and  in  the  rabbit  of 
normal  rabbit  serum  in  doses  of  one  to  one  hundred  and 
fifty  have  failed  to  produce  albuminuria,  irrespective  of  the 
sex  of  the  animal  furnishing  or  receiving  the  serum.  As  we 
have  always  used  homologous  sera,  the  toxic  effect  of  an 
alien  serum  does  not  come  into  question. 

We  have  also  controlled  the  possibility  of  a  periodic  albu- 
minuria in  the  dog.  For  this  purpose  four  dogs  were  set 
aside,  and  the  urine  of  each  examined  daily  for  periods  of  ten 
days  to  two  weeks.  In  none  was  albuminuria  found  nor  were 
casts  present  during  this  time.  Each  gave  the  mucin  reaction 
but  nothing  more.       During  this  period  two  of  these  dogs 

*  Weiss.  O.    Ueber  die  Wtrkungen  von  Blutaerum-injectioiien  Im  Blut.    Arch.  f.  d. 
Get.  Phyt..  1896,  Ixr,  axs. 
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were  etherized  and  small  quantities  of  blood  taken  from  the 
jugular  vein  without  any  effect  on  the  urine.  These  latter 
served  therefore  as  controls  also  of  our  operative  procedure. 

The  possibility  of  carrying  over  in  the  sefum  minute 
amounts  of  the  salts  injected  must  be  considered.  Attempts 
to  detect,  by  the  usual  tests,  the  presence  of  chrome  and 
uranium  salts  in  the  filtrate  of  the  serum  concentrated  after 
coagulation  have  failed.  Such  tests,  however,  are  not  very 
sensitive  and  it  is  possible  that  traces  may  have  been  present. 
If  present,  the  amount  must  have  been  so  minute  that  it 
seems  very  improbable  that  they  could  have  anything  to  do 
with  the  lesion  described.  Certainly  they  appear  to  have 
had  no  effect  in  the  experiments  with  rabbits,  and  on  this 
evidence  alone  we  feel  justified  in  ruling  out  the  possibility 
of  carrying  over  these  salts  in  the  serum. 

In  addition  to  the  various  controls  described,  we  have  by 
careful  selection  and  elimination  ruled  out  the  possibility  of 
an  admixture  to  the  urine  of  protein  substances  from  local 
inflammatory  conditions,  as  balanitis  in  the  dog,  or  lesions 
of  the  uterus  or  vagina  in  the  bitch.  The  surface  of  the 
entire  body  as  well  as  the  mouth  of  each  animal  has  also 
been  carefully  examined  for  lesions  capable  of  allowing  a 
discharge  of  blood  or  serum.  As  the  food  has  been  limited 
to  drj'  dog  biscuit  and  the  cage  carefully  screened  to  prevent 
particles  dropping  into  the  collecting  bottle,  we  believe  the 
presence  of  protein  from  the  food  can  be  ruled  out. 

In  short,  we  have  investigated  every  possible  source  of 
error  which  suggested  itself,  but  have  been  unable  to  explain 
the  presence  of  albumin  in  the  urine  except  by  a  toxic  action 
of  the  serum  on  the  kidney. 

CONCLUSIONS. 

The  positive  results  here  described  confirm  the  observa- 
tion of  Lindemann,  Bierry,  and  Pearce  that  the  serum  of 
dogs  with  various  types  of  nephritis  has  a  toxic  action  on 
the  kidney  manifested  by  the  appearance,  for  a  short  time, 
of  protein  and  casts  in  the  urine. 

A  very  complete  series  of  control  observations  offer  no 
explanation  for  the  appearance  of  protein  other  than  as  the 
result  of  injury  to  the  kidney. 
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It  has  not  been  possible  to  demonstrate  a  nephrotoxic 
power  for  the  serum  of  rabbits  with  experimental  nephritis 
and  it  is  therefore  manifestly  improper  to  assume  that  this 
nephrotoxic  power  is  a  constant  characteristic  of  the  serum 
of  all  animals  suffering  from  nephritis. 

For  this  reason,  although  the  phenomenon  observed  is 
suggestive  and  worthy  of  investigation  on  a  larger  scale,  it 
should  be  utilized  with  caution  in  any  theoretical  explanation 
of  the  pathology  of  chronic  nephritis. 


A    STUDY    OF    EXPERIMENTAL    REDUCTION    OF 

KIDNEY  TISSUE   WITH   SPECIAL  REFERENCE 

TO  THE  CHANGES  IN  THAT  REMAINING.^ 

By  JOHN  A  SAMPSON,  M.  D. 

AND 

RICHARD  M.  PEARCE,  M.  D. 

The  following  experiments  in  reduction  of  kidney  tissue  in 
dogs  were  undertaken  in  order  that  one  of  the  writers  might 
study  the  influence  of  such  reduction  on  nitrogenous  metab- 
olism* and  also  for  the  purpose  of  determining  the  effect  of 
this  procedure  on  the  remaining  kidney  tissue  and  upon  the 
general  condition  of  the  animal. 

The  scanty  literature  of  the  subject  may  be  briefly  reviewed 
as  follows: 

The  most  extensive  series  of  kidney  reduction  is  that  of  Bradford.* 
The  operative  procedure  of  this  investigator  was  to  remove  from  the 
middle  of  the  kidney,  entering  the  pelvis,  a  wedged-shaped  mass  of 
kidney  substance.  This  mass  was  equal  to  one-quarter  to  one-half  of 
the  entire  kidney.  After  a  variable  period  of  time  the  entire  opposite 
kidney  was  removed.  In  some  instances  a  wedge  was  taken  from  each 
kidney  and  later  the  remaining  tissue  still  further  reduced.  Of  a  total 
of  thirty-three  dogs,  four  died  after  the  first  operation  and  six  at  or 
shortly  after  the  second  operation.  Of  the  twenty-three  surviving  the 
second  operation,   eight  lived  a  considerable  period  of  time  and  were 

*  Aided  by  a  grant  from  the  Rockefeller  Institute  for  Medical  Research.  Published  also 
In  ]om,  ExpT.  M^d.,  1908.  x.  745. 

»  Pearce.  R.  M.,  The  Influence  of  the  Reduction  of  the  Kidney  Substance  on  Nitrogenoua 
Metabolism,  Jour,  of  Exper.  Med.,  1908.  x.  63a. 

•  Bradford.  J.  R..  The  Results  Following  Partial  Nephrectomy  and  the  Influence  of  the 
Qdney  on  Metabolism.  Jour,  of  Physiol,  1899.  ^cxiii.  415. 
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killed  in  good  health.  The  effect  on  the  kidney  of  the  first  operatioo 
was  usually  atrophy  of  the  organ.  This  occurred  also  if  both  kidncy» 
were  operated  upon.  After  the  second  operation  no  serious  disturbance 
of  health  occurred  but  a  variable  amount  of  wasting,  usually  transitory, 
was  the  rule. 

If  two-thirds  of  the  kidney  was  removed  death  usually  followed  while 
the  loss  of  three-quarters  rendered  survival  impossible,  death  occurring 
usually  in  one  to  six  weeks,  from  asthenia  and  great  wasting. 

Bradford  found  that  two  grams  of  kidney  tissue  per  kilo  of  body 
weight  was  sufficient  for  maintenance  of  life  (normal  ratio  6.7  grams). 
Tuffier*  gives  1.5  grams,  Paoli*  states  that  one-half  a  kidney  is  necessary. 
The  latter  found  the  operation  to  be  followed  frequently  by  hypertrophy 
of  the  glandular  epithelium,  dilatation  of  the  vessel  and  a  new  formation 
of  glomeruli  and  tubules.  Tuffier's  operation  di£Fered  from  Bradford  in 
that  he  removed  one  entire  kidney  first  and  later  a  portion  of  the  other. 
As  a  result  of  ten  experiments  he  found  no  permanent  disturbance  of 
the  urine  and  no  effect  on  the  development  of  growing  animals. 

Von  Haberer's'  experiments  on  three  goats  and  thirty-eight  dogs  are 
most  unsatisfactory  because  many  of  his  animals  died  of  pneumonia. 
He  practiced  very  extensive  resections  within  very  short  periods  of  time 
and  showed  that  it  is  possible  for  a  dog  to  survive  the  removal  of  one 
kidney  and  one-third  of  the  other  at  a  single  operation  or  one  and  a 
half  at  two  operations  within  a  week.    The  mortality  was  very  high. 

Passler  and  Heineke*  in  their  work  on  experimental  heart  hypertrophy, 
practiced  extreme  kidney  reduction;  they  followed  Bradford's  method,, 
allowing  an  interval  of  four  weeks  between  the  first  and  seoMid  operation ; 
in  five  dogs  cachexia  and  death  followed.  In  eighteen  surviving  the 
second  operation,  at  intervals  varying  from  a  few  days  to  eleven  months,, 
a  third,  fourth,  fifth  or  sixth  operation  was  done,  at  each  a  small  portion 
of  kidney  substance  being  removed.  All  finally  died,  from  operations,, 
accident  or  cachexia.  As  their  interest  was  chiefly  in  heart  hypertrophy, 
the  details  of  the  effect  of  reduction  on  the  kidney  tissue  remaining  are 
not  given. 

Bainbridge  and  Beddard,*  working  with  cats  according  to  Bradford's 
method,  reduced  the  kidney  substance  three-quarters.  This  caused  loss 
of  appetite,  wasting  and-  death  in  a  few  days  or  weeks.  Descriptions  of 
the  effect  on  the  remaining  kidney  tissue  are  not  given. 

METHODS. 

As  our  operative  procedure  differed  from  that  of  the  other 
investigators  it  is  here  given  in  detail.     If  only  one  kidney 

•  Tuffier,  T..  Etudes  exp^rimentales  sur  la  chirurgie  du  rein,  Paris,  x8o9  (quoted  by  Brad- 
ford). 

•  Paoli,  Delia  resezione  del  rene  Cent.  f.  Chimrgu,  189a.  xix,  78. 

•  V.  Haberer,  H.,  Experimentelle  Untersuchtm^ren  ubcr  Nierenreduktkm  und  Punlction 
des  restierenden  Parenchyms,  MitUilungen  a.d.  Grentgebuten  d.  Med.  u.  Chir.,  1907,  xvii,  57. 

7  Passler  and  Heineke,  Versuche  stir  Pathologie  des  Morbus  Brightii,  Vtrkandi.  d.  Deutsche 
path.  GestUsch.,  1905,  ix,  99. 

•  Bainbridge.  P.  A.,  and  Beddard,  A.  P.,  The  Relation  of  the  Kidney  to  MetabolisoL 
Prcc.  of  the  Royal  Soc.,  B,  1907,  Ixxix,  75- 
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was  operated  upon,  it  was  exposed  through  a  so-called  "^id- 
iron  "  incision  in  the  lumbar  region  by  separating  the  muscle 
fibers  and  not  cutting  them.  If  both  kidneys  were  exposed 
at  one  operation,  this  was  done  transperitoneally  through  a 
median  abdominal  incision.  In  the  first  few  experiments  the 
pedicle  of  the  kidney  was  compressed  by  an  assistant  while 
the  upper  pole  was  excised  and  then  the  bleeding  was  con- 
trolled by  mattress  sutures  of  catgut  and  silk  passing  through 
the  entire  kidney  substance  and  the  upper  portion  of  the  pelvis. 
Later  it  was  found  easier  to  place  catgut  sutures  first  as  shown 
in  Figs.  I  and  2,  tie  them  and  excise  the  upper  pole,  the  opera- 
tion usually  being  bloodless,  and  possible  without  an  assistant. 


Pig.  X  Pi«.  a 

Fig.  I.  Technique  of  resection  of  ui>per  pole  of  the  kidney. 

By  means  of  a  straight  needle  with  a  dull  point,  three  interlacing 
mattress  catgut  (No.  2  Cumal)  sutures  (i,  2  and  3)  are  first  passed 
through  the  kidney  in  a  line  which  approximately  divides  the  kidney 
in  half  (see  illustration).  Care  must  be  taken  to  avoid  injuring  the 
ureter  and  for  this  reason  the  line  of  sutures  is  taken  a  little  obliquely 
rather  than  straight  across  the  kidney.  These  sutures  are  then  tied,  thus 
completely  shutting  off  the  blood  supply  to  the  upper  pole.  The  upper 
pole  is  cut  off  from  two  to  four  millimeters  beyond  the  sutures  as 
indicated  by  the  arrows. 

Fig.  2.  Immediate  result  of  resection  of  upper  pole  of  the  kidney. 

The  dotted  line  indicates  the  original  outline  of  the  upper  pole.  After 
excising  it,  the  base  of  the  upper  pole  flares  apart  and  the  segn^cnt  isl 
thus  lower  and  wider  than  before  the  operation.  The  sutures  i,  2  and  3 
have  been   tied,  thus   constricting  the   upper  portion   of   the  remaining 
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kidney  tissue  and  by  making  the  capsule  more  tense  the  part   of  the 
kidney^  left  behind,  is  a  trifle  smaller  than  before  the  operation. 

This  operative  procedure  we  have  considered  preferable  to 
that  of  Bradford  and  other  investigators  because  there  is  a 
minimum  disturbance  of  the  blood  supply  of  the  kidney  tissue 
remaining.  The  infarcted  tissue,  which  results  from  the  in- 
jury, and  must  be  absorbed,  lies  at  one  pole  of  an  otherwise 
intact  kidney  while  in  the  experiments  of  Bradford  and  others, 
it  is  centrally  located  and  thus  possibly  disturbs  the  nutrition 
of  the  entire  organ.  Our  method  furthermore  permits  of  a 
more  accurate  estimation  of  the  amount  of  kidney  reduction 
in  that  the  degree  of  reduction  is  represented  by  the  part  ex- 
cised plus  that  outside  of  and  that  in  the  immediate  neighbor- 
hood of  the  sutures.  Histological  examinations  of  kidneys 
from  animals  dying  shortly  after  operation  have  shown  that 
the  zone  of  necrosis  rarely  extends  more  than  one-half  centi- 
metei-  from  the  sutures  into  the  remaining  kidney  tissue.  By 
the  other  method,  after  the  removal  of  a  wedge-shaped  piece 
of  tissue  from  the  midst  of  the  organ,  the  sutures  necessary  to 
approximate  the  parts  remaining  and  to  control  bleeding  of 
necessity  destroy  a  mass  of  kidney  tissue  which  in  proportion 
to  that  excised  must  be  much  greater  than  that  destroyed  in 
removing  one  pole.  By  our  method  a  portion  of  the  pelvis 
is  necessarily  removed  and  there  is  some  danger  of  interfering 
with  the  flow  of  urine  into  the  ureter.  By  proper  care  we 
have  found  that  this  can  be  avoided. 

Except  for  the  animals  used  for  the  metabolism  studies 
above  mentioned,  the  dogs  were  fed  on  dog  biscuits,  and  did 
not  have  any  exercise  other  than  that  possible  in  fairly  roomy 
cages.  The  general  condition  of  the  animals  was  determined 
by  observations  in  regard  to  appetite  and  weight 

All  material  obtained  at  operation  or  autopsy  was  preserved 
in  ten  per  cent,  formalin.  No  subdivisions  of  this  material 
were  made  but  large  sections  were  obtained  which  represented 
the  entire  mass.  By  this  method  it  was  possible  to  study  in 
one  section,  cortex,  pyramid,  pelvis  and  reparative  or  other 
changes  in  the  field  of  operation.  By  superimposing  these 
large  sections  it  was  possible  to  compare  directly  the  remain- 
ing kidney  tissue  with  that  removed  at  operation  and  also  to 
make  tracings  for  comparison  and  illustrations. 

Our  experiments  are  sixteen  in  number,  of  which  two  (one 
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death  from  anesthesia  and  another  from  hemorrhage  shortly 
after  operation)  are  excluded.  The  remaining  fourteen  ex- 
periments are  divided  into  four  groups. 

Group  I.    Removal  of  Upper  Pole  of  One  Kidney. 

No.  I  (Dog  40). 

Operative  Procedure, — ^January  23,  1908.  Under  ether  nar- 
cosis, the  upper  pole  of  the  left  kidney  w^s  removed  as  shown 
in  Figs.  I  and  2.  The  length  of  the  left  kidney  was  five  and  six- 
tenths  centimeters  and  the  portion  remaining  outside  of  the 
sutures  was  two  and  seven-tenths  centimeters.  At  the  same 
time  the  right  kidney  was  exposed  and  measured. 

Termination. — Killed  on  the  twenty-second  day. 

General  Effect, — Post-operative  history  was  uneventful.  There 
was  a  loss  of  weight  from  11,020  to  9,710  grams. 

Effect  on  Remaining  Kidney  Tissue, — Slight  but  definite 
atrophy.  Healing  is  perfect,  the  renal  tissue,  compressed  by  the 
sutures,  is  replaced  by  fibrous  tissue  except  for  a  small  area  of 
infarcted  tissue  corresponding  to  vessels  showing  obliterated 
endarteritis.  In  the  fibrous  tissue  adjacent  to  the  pelvis  there  is 
a  small  area  of  new  bone  formation.  Otherwise  the  renal  tissue 
is  normal.  The  opposite  kidney  is  apparently  unaffected  by  the 
operation. 

No.  2  (Dog  41). 

Operative  Procedure. — ^January  23,  1908.  Under  ether  nar- 
cosis, the  upper  pole  of  the  left  kidney  was  removed.  The  length 
of  the  left  kidney  was  six  centimeters  and  the  portion  remaining 
outside  of  the  sutures  was  three  centimeters.  At  the  same  time 
the  right  kidney  was  exposed  and  measured. 

Termination. — Killed  on  the  thirty-fifth  day. 

General  Effect. — Post-operative  history  was  uneventful.  There 
was  a  loss  of  weight  from  13,610  to  10,960  grams.  Four  weeks 
after  the  operation  the  urine  contained  a  considerable  amount 
of  coagulable  protein  with  numerous  finely  granular  and  fatty 
casts,  pus  and  epithelial  cells  (urine  was  not  examined  before 
operation). 

Effect  on  Remaining  Kidney  Tissue. — ^Very  slight  if  any 
atrophy.  Healing  is  perfect  except  for  a  few  areas  of  necrotic  tissue 
near  the  pelvis.  In  the  scar  there  is  an  area  of  calcified  tubules. 
Pelvic  epithelum  is  greatly  thickened  and  penetrates  the  under- 
lying scar  tissue,  forming  alveolar  masses  of  epithelial  cells. 
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Otherwise  the  renal  tissue  is  normal.    Opposite  kidney  is  appa- 
rently unaffected  by  the  operation. 

No.  3  (Dog  31). 

Operative  Procedure. — ^December  31,  1907.  Under  ether  nar- 
cosis, the  upper  pole  of  the  right  kidney  was  removed.  The 
length  of  the  right  kidney  was  six  and  two-tenths  centiineters 
and  the  portion  remaining  outside  of  the  sutures  was  three  and 
five-tenths  centimeters.  At  the  same  time  the  right  kidney  was 
measured. 

Termination, — Killed  on  the  forty-eighth  day. 

General  Effect, — Post-operative  history  was  uneventful.  There 
was  a  loss  of  weight  from  10,620  to  9,650  grams.  Urine,  on  the 
fourth  day,  was  normal  but  at  the  time  of  autopsy  contained 
coagulable  protein  and  pus  cells,  but  no  casts. 


Fig.  s 

FkG.  3.  Tracings  of  sagittal  sections  of  portions  of  a  kidney,  one  por* 
tion  removed  at  operation  and  the  other  at  autopsy  on  the  thirty-fifth  day. 

The  upper  pole  was  removed  at  operation  as  indicated  in  Figs,  i  and  2 
and  shows  the  characteristic  flaring  apart  of  the  segment  removed.  The 
lower  portion  was  removed  at  autopsy  and  has  apparently  atrophied  but^ 
by  comparing  it  with  a  similar  tracing  of  the  opposite  kidney  and  even 
from  the  measurements  taken  at  the  close  of  the  operation  (see  Fig.  2), 
there  is  very  little  if  any  atrophy  except  in  the  tissue  destroyed  by  the 
sutures  and  replaced  by  scar  tissue.  For  description  of  microscopical 
findings  see  Experiment  No.  2. 

Effect  on  Remaining  Kidney  Tissue, — ^Very  slight  if  any 
atrophy  exists.  Healing  is  perfect.  There  is  dilatation  of  the 
pelvis  of  the  kidney  with  a  chronic  pyelitis  and  thickening  of  the 
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epithelitim,  and  extensive  bone  formation  immediately  beneath 
this  epithelium.  Calcified  tubules  are  present  in  the  scar  tissue. 
Otherwise  the  renal  tissue  shows  atrophy  of  glomeruli  with 
fibrous  thickening  of  Bowman's  capsule  and  extensive  round  cell 
infiltration  of  both  cortex  and  pyramid.  The  tubules  in  places 
are  dilated  and  in  other  places  compressed.  The  portion  of 
kidney  removed  at  operation  and  the  opposite  kidney  shows  a 
spontaneous  chronic  nephritis  but  less  marked  than  that  just 
described. 

Group  II.     Removal  of  Upper  Pole  of  Each  Kidney  at 

One  Operation. 
No.  4  (Dog  65). 

Operative  Procedure. — March  7,  1908.  Under  ether  narcosis, 
the  upper  pole  of  each  kidney  was  removed.  The  length  of  the 
right  kidney  was  four  and  five-tenths  centimeters  and  the  portion 
remaining  outside  of  the  sutures  was  two  and  three-tenths  centi- 
meters. The  length  of  the  left  kidney  was  four  and  four-tenths 
centimeters  and  the  portion  remaining  outside  of  the  sutures 
was  two  and  six-tenths  centimeters. 

Termination, — ^Died  on  thirtieth  day. 

General  Effect. — Post-operative  history  was  uneventful  until 
the  last  week,  when  the  animal  refused  food,  lost  weight  rapidly 
and  died  on  the  thirtieth  day. 

Effect  on  Remaining  Kidney  Tissue. — No  change  in  the  size 
of  the  portion  of  the  right  kidney  remaining.  Healing  was  per- 
fect except  for  a  small  area  of  necrosis  along  the  line  of  suture, 
thickening  of  epithelium  of  pelvis  and  isolated  masses  of  pro- 
liferating epithelium  in  the  scar  tissue.  Otherwise  the  remain- 
ing renal  tissue  is  normal. 

The  pelvis  of  the  left  kidney  is  filled  with  calculi,  one  occluding 
the  lumen  of  the  ureter.  Associated  with  this  there  is  an  ulcera- 
tive pyelitis  with  abscesses  involving  the  pelvic  fat  and  lower  por- 
tion of  the  p)n"amid.  Where  pelvic  epithelium  is  intact  it  shows 
hyperplasia.  There  is  no  definite  atrophy  of  cortex  and  pyramid. 
No.  5  (Dog  66). 

Operative  Procedure. — March  7,  1908.  Under  ether  narcosis, 
the  upper  pole  of  each  kidney  was  removed.  The  length  of  the 
right  kidney  was  four  and  nine-tenths  centimeters  and  the  por- 
tion  remaining  outside  of  the  sutures  was  three  centimeters. 
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The  length  of  the  left  kidney  was  four  and  eighth-tenths  centi- 
meters and  the  portion  remaining  outside  of  the  sutures  was 
two  and  six-tenths  centimeters. 

Termination, — Killed  on  the  fifty-fifth  day. 

General  Effect. — Post-operative  history  was  uneventful.  There 
was  a  loss  of  weight  from  4,620  to  4,340  grams. 

Effect  on  Remaining  Kidney  Tissue. — ^There  is  no  change  in 
the  size  of  the  portion  of  the  right  kidney  remaining.  Healing 
is  perfect  There  is  moderate  thickening  of  the  epithelium  of 
the  pelvis.    Renal  tissue  is  normal. 

There  is  no  change  in  the  size  of  the  portion  of  the  left  kidney 
remaining,  and  it  is  similar  to  the  right  kidney. 
No.  6  (Dog  i). 

Operative  Procedure. — May  23,  1907.  Under  ether  narcosis 
the  upper  pole  of  each  kidney  was  removed.  The  length 
of  each  kidney  was  six  centimeters  and  the  portion  remaining 
outside  of  the  sutures  was  three  centimeters.  Weight  of  portion 
of  right  kidney  removed  was  ten  grams  and  of  left  eleven  g^ams. 

Termination. — ^Died  on  cme  hundredth  and  sixty-fpurth  day, 
from  general  peritonitis,  the  fifth  day  after  the  removal  of  the 
remaining  portion  of  the  left  kidney  when  the  peritoneal  cavity 
was  opened  and  soiled  with  infected  urine. 

General  Effect. — Post-operative  history  was  uneventful.  The 
dog  was  in  the  country  during  the  summer  and  became  pr^- 
nant.  The  weight  at  the  time  of  the  first  operation  was  13,180 
grams;  at  the  second  operation  (pregnant)  16,010  grams  and 
after  death  with  the  uterus  empty  (aborted  just  before  death) 
it  was  i2«iio  grams. 

Effect  on  Remaining  Kidney  Tissue. — Left  kidney  weighed 
eighteen  grams,  length  four  and  eight-tenths  centimeters,  an  in- 
crease of  one  and  eight-tenths  centimeters.  There  was  a  small 
calculus  in  the  pelvis  about  a  silk  suture.  Healing  is  perfect, 
kidney  has  assumed  its  normal  shape  and  except  for  the  presence 
of  a  silk  suture  it  would  be  difficult  to  distinguish  it  from  a  nor- 
mal kidney.    Microscopically  there  is  evidence  of  pyelitis. 

Right  kidney  weighed  twenty-eight  grams,  length  five  and  one- 
tenth  centimeters,  an  increase  of  two  and  one-tenth  centimeters 
above  the  portion  remaining  beyond  the  sutures  at  operation. 
Healing  is  perfect,  microscopically  renal  tissue  is  normal.  There 
is  bone  formation  beneath  the  epithelium  of  the  pelvis. 
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Group  III.    Removal  of  One  Kidney  and  Upper  Pole  of  the 
Other  at  One  Operation. 

No.  7  (Dog  35). 

Operative  Procedure, — ^January  23,  1908.  Under  ether  nar- 
cosis the  right  kidney  was  removed  and  the  upper  pole  of  the 
left.  The  length  of  the  left  kidney  was  six  centimeters  and  the 
portion  remaining  outside  of  the  sutures  was  three  and  two- 
tenths  centimeters. 

Termination. — Killed  on  the  sixth  day  (dying). 

General  Effect. — ^There  was  persistent  vomiting  after  operation 
with  gradual  loss  of  strength,  and  failure  to  eat ;  a  small  amount 
of  urine  was  passed  daily. 

Effect  on  Remaining  Kidney  Tissue. — ^There  is  no  change  in 
the  size  of  the  portion  of  the  kidney  remaining.  Extensive  areas 
of  infarction  about  the  sutures  are  present  with  widespread 
calcification  of  the  tubules.  Infarcted  area  is  one  and  five-tenths 
centimeters  wide,  the  line  of  sutures  being  in  the  middle  of  this 
area.  Abscess  formation  present  about  sutures. 
No.  8  (Dog  69). 

Operative  Procedure. — April  6,  1907.  Under  ether  narcosis 
the  right  kidney  was  removed  and  the  upper  pole  of  the  left. 
The  length  of  the  left  kidney  was  five  and  seven-tenths  centi- 
meters and  the  portion  remaining  outside  of  the  sutures  was 
three  and  five-tenths  centimeters. 

Termination. — Killed  on  the  seventh  day  (dying).  Cause  of 
death  not  apparent. 

General  Effect. — ^Refused  food  and  vomited  persistently  until 
killed  on  the  seventh  day.  There  was  a  loss  of  weight  from 
9,710  to  9,620  grams.  Urine  was  voided  after  operation  but 
was  not  examined. 

Effect  on  Remaining  Kidney  Tissue. — There  is  no  change  in 
the  size  of  the  portion  of  the  kidney  tissue  remaining.  The  area 
of  infarction  and  hemorrhage  is  one  and  seven-tenths  centimeters 
broad,  the  line  of  sutures  being  in  the  middle  of  this  area.  Very 
slight  leucocytic  infiltration  about  the  sutures  is  present.  There  is 
marked  proliferation  of  the  pelvic  epithelium. 
No.  9  (Dog  24). 

Operative  Procedure. — ^December  9,  1907.  Under  ether  nar- 
cosis the  right  kidney  was  removed  and  the  upper  pole  of  the 
left.     The  length  of  the  left  kidney  was  six  and  three-tenths 
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centimeters  and  the  portion  remaining  outside  of  the  sutures  was 
three  and  five-tenths  centimeters. 

Termination. — Died  on  the  tenth  day. 

General  Effect, — ^Ate  poorly,  lost  500  grams  in  the  first  five 
days  after  the  operation,  hematuria. 

Effect  on  Remaining  Kidney  Tissue. — ^There  is  no  change  in 
the  size  of  the  remaining  portion  of  the  left  kidney.  Infarcted 
area  varies  from  one  to  one  and  three-tenths  centimeters,  the 
sutures  being  nearly  at  the  junction  of  the  normal  and  necrotic 
tissue.    Otherwise  the  kidney  is  normal. 

No.  10  (Dog  21). 

Operative  Procedure. — December  3,  1907.  Under  ether  nar- 
cosis the  right  kidney  was  removed  and  the  upper  pole  of  the 
left.  The  length  of  the  left  was  five  and  two-tenths  centimeters 
and  the  portion  remaining  outside  of  the  sutures  was  less  than 
half  the  original  length  of  the  kidney. 

Termination. — Killed  on  the  thirty-fifth  day. 

General  Effect. — Post-operative  history  was  uneventful.  There 
was  a  loss  of  weight  from  8410  to  8,050  grams.  Slight  albumi- 
nuria and  pyuria. 

Effect  on  Remaining  Kidney  Tissue. — ^There  is  no  change  in 
the  size  of  the  portion  of  the  kidney  tissue  remaining.  H^ing 
is  perfect;  a  few  calcified  tubules  are  present  in  the  scar  tissue. 
Otherwise  kidney  tissue  is  normal. 

No.  II  (Dog  72). 

Operative  Procedure. — March  21,  1908.  Under  ether  narcosis 
the  right  kidney  was  removed  and  the  upper  pole  of  the  left 
The  length  of  the  left  kidney  was  six  centimeters  and  the  por- 
tion outside  of  the  sutures  was  three  and  two-tenths  centimeters. 

Termination. — Killed  on  the  forty-first  day. 

General  Effect. — Post-operative  history  was  uneventful.  There 
was  a  loss  of  weight  from  15,060  to  12,340  grams.  Urine  ob- 
tained from  bladder  at  autopsy  was  normal. 

Effect  on  Remaining  Kidney  Tissue. — ^There  is  no  change  in 
the  size  of  the  portion  of  the  kidney  tissue  remaining.  Healing 
is  perfect;  there  are  a  few  calcified  tubules  in  the  scar  tissue. 
As  compared  with  portion  excised  at  operation  and  the  opposite 
kidney  there  is  no  change  in  the  renal  tissue.  Each  show  a 
chronic  process  characterized  by  round  cell  infiltraticm. 
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No.  12  (Dog  71). 

Operative  Procedure. — March  21,  1908.  Under  ether  narcosis, 
the  right  kidney  was  removed  and  the  upper  pole  of  the  left 
The  length  of  the  left  kidney  was  five  and  four-tenths  centi- 
meters and  the  portion  remaining  outside  of  the  sutures  was 
three  centimeters. 


Pig.4 

"Fig.  4.  Tracings  of  sagittal  sections  of  portions  of  a  kidney,  one  portion 
removed  at  operation  and  the  other  at  autopsy  on  the  forty-first  day. 

For  description  of  gross  appearance  see  Fig.  3  and  for  description 
of  microscopical  findings  see  Experiment  No.  11. 

Termination. — Killed  on  the  fifty-seventh  day. 

General  Effect. — Post-operative  history  was  uneventful.  There 
was  a  loss  of  weight  from  8,010  to  6,060  grams. 

Effect  of  Remaining  Kidney  Tissue. — ^There  is  no  change  in 
the  size  of  the  portion  of  the  kidney  tissue  remaining.  Healing 
is  perfect,  there  are  a  few  calcified  tubules  in  the  scar  tissue,  as 
in  No.  II. 

Group   IV.     Reduction   of   Kidney   Tissue   By   Multiple 

'Operations. 

No.  13  (Dog  4). 

Operative  Procedure. — October  24, 1908.  Under  ether  narcosis 
the  upper  pole  (over  i  approximately  f )  of  the  right  kid- 
ney was  removed.  November  8,  1908.  The  upper  pole  of  the 
left  was  removed.    The  length  of  the  left  kidney  was  six  and 
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five-tenths  centimeters  and  the  portion  remaining  outside  of  the 
sutures  was  three  centimeters.  December  ii,  1908.  The  remain- 
der of  the  left  kidney  was  removed. 

Termination, — Died  four  hours  after  the  last  operation  from 
oedema  of  the  lungs. 

General  Effect, — Post-operative  history  was  uneventful.  There 
was  a  loss  of  weight  from  13,826  to  12^250  grams  and  there 
were  periodic  albuminuria  and  pus  cells. 

Effect  on  Remaining  Kidney  Tissue, — ^There  is  slight  if  any 
atrophy  of  remaining  portion  of  right  kidney.  Healing  is  per- 
fect. A  cheesy  material  containing  calculi  is  present  in  the  pel- 
vis ;  bone  formation  in  scar  tissue  beneath  the  pelvic  epithelium ; 
marked  hyperplasia  of  pelvic  epithelium.  Kidney  tissue  is  nor- 
mal except  for  areas  of  round  cell  infiltration,  also  present  in 
portion  excised  at  first  operation. 

No  change  in  the  size  of  the  remaining  portion  of  the  left 
kidney.  Healing  is  perfect  with  extensive  bone  formation  be- 
neath the  pelvic  epithelium.  In  the  pelvic  fat  there  is  a  small 
abscess  about  one  of  the  sutures.  Otherwise  tissue  is  as  in  the 
opposite  kidney. 
No.  14  (Dog  13). 

Operative  Procedure. — November  2,  1907.  Under  ether  nar- 
cosis the  upper  pole  of  the  left  kidney  (weight  fourteen  and  five- 
tenths  grams)  was  removed.  The  length  of  the  left  kidney  was 
six  and  two-tenths  centimeters  and  the  portion  remaining  outside 
of  the  sutures  was  two  and  seven-tenths  centimeters.  November 
I3»  1907-  The  right  kidney  was  removed  (weight  forty-two 
grams).  December  9,  1907.  A  segment  one  centimeter  thick 
was  removed  (weight  eight  grams)  from  the  lower  pole  ol 
the  remaining  portion  of  the  left  kidney. 

Termination. — Died  eleven  days  after  the  last  operation. 

General  Effect, — Good  recovery  from  each  operation  except 
the  last.  More  or  less  vomiting  after  the  last  operation,  albumi- 
nuria one  half  to  two  per  cent.,  abundant  casts;  voided  urine 
until  death  and  averaged  180  cubic  centimeters  for  the  last  three 
days.    There  was  a  loss  of  weight  from  15,840  to  10,000  grams. 

Effect  on  Remaining  Kidney  Tissue, — The  portion  of  the  left 
kidney  found  at  autopsy  showed  distinct  atrophy  and  weighed 
eleven  grams.  Based  on  the  weight  of  the  normal  right  kidney 
this  represents  fourteen  per  cent  of  the  original  kidney  tissue. 
Healing  from  the  first  operation  is  perfect  and  site  of  second 
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Operation  is  occupied  by  a  mass  of  necrotic  tissue  extending 
into  the  pelvis  and  surrounded  by  purulent  fluid.  Microsco- 
pically there  is  evidence  of  an  acute  ulcerative  pyelitis  with  slight 
pyelonephritis  and  extensive  cast  formation  in  the  tubules. 
Otherwise  kidney  tissue  is  normal. 


Pisr.  5  Fiff-  6 

Fi&  5.  Tracing  of  sagittal  section  of  portion  of  the  right  kidney  re- 
maining, 164  days  after  removal  of  the  upper  pole. 
The  upper  pole  was  removed  as  indicated  in  Figs,  i  and  2. 
The  portion  remaining  shows  distinct  hypertrophy  and  the  thickening 
of  the  cortex  is  most  evident  near  the  field  of  the  operation.    See  Experi- 
ment No.  6. 

Fig.  6.  Tracing  of  sagittal  section  of  the  portion  of  the  left  kidney 
remaining,  159  days  after  removal  of  the  upper  pole. 

The  upper  pole  was  removed  as  indicated  in  Figs,  i  and  2. 

This  is  from  the  same  dog  as  the  kidney  shown  in  Fig.  5  the  hyper- 
trophy is  not  as  marked  as  in  the  other  kidney  but  the  thickening  of  the 
cortex  near  the  field  of  operation  is  more  marked  and  the  kidney  has 
almost  resumed  its  normal  contour.  A  calculus  about  a  silk  suture  is 
present  in  the  upper  portion  of  the  pelvis. 

General  Summary. 
The  immediate  eflfect  of  the  operation  on  the  portion  of  the 
kidney  remaining  is  an  infarction  of  the  tissue  compressed  by 
the  sutures.  This  area  of  necrosis  extends  but  a  short  distance 
into  the  adjacent  kidney  tissue.  The  infarcted  tissue  gradually 
becomes  replaced  by  fibrous  tissue  and  in  three  to  four  weeks' 
time  the  necrotic  tissue  entirely  disappears.  The  amount  of 
fibrous  tissue  in  time  becomes  so  slight  and  the  healing  so  perfect 
that  it  is  difficult  to  detect  the  site  of  the  operation.  The  renal 
elements  sometimes  persist  in  the  infarcted  area  and  the 
glomeruli  apparently  are  more  resistant  than  the  tubules.    The 
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tubules  in  the  infarcted  area  sometimes  become  calcified  and 
bone  formation  beneath  the  epithelium  of  the  pelvis  is  of  very 
frequent  occurrence.  The  pelvic  epitheUum  usually  shows 
marked  proliferation  and  may  invade  the  field  of  operation  in 
alveolar  masses.  Calculi  may  form  in  the  pelvis  of  the  kidney. 
Sutures  penetrating  the  pelvis  as  well  as  the  necrotic  tissue 
resulting  from  the  compression  of  the  sutures  probably  furnish 
the  nuclei  for  the  calculi. 

Removal  of  approximately  half  of  one  kidney  did  not  alter 
either  the  remaining  portion  of  that  kidney  or  the  size  of  the 
opposite  kidney  in  two  animals  of  this  series.  These  experi- 
ments were  terminated  on  the  thirty-fourth  and  forty-seventh 
days.  In  a  similar  experiment  of  twenty-one  days'  duration 
there  was  slight  but  definite  atrophy  of  the  remaining  tissue  of 
the  kidney  operated  upon. 

Removal  of  approximately  half  of  each  kidney  at  cme  opera- 
tion did  not  alter  the  remaining  kidney  tissue  in  two  animals  of 
the  second  group.  The  longest  period  of  observation  was  fifty- 
four  days.  On  the  other  hand  in  a  similar  experiment  where 
164  days  elapsed,  the  remaining  portions  of  each  kidney  had 
increased  markedly  in  size. 

Removal  of  one  kidney  and  approximately  half  of  the  othei 
did  not  alter  the  remaining  kidney  tissue  in  six  animals  in  which 
from  five  to  fifty-six  days  elapsed  before  termination  of  the 
experiment. 

In  six  experiments  in  which  one  kidney  was  removed  and  ap- 
proximately half  of  the  other,  three  of  the  animals  died  as  a 
result  of  the  operation  on  the  sixth,  seventh  and  tenth  days. 
The  probable  cause  of  death  was  renal  insufficiency ;  the  animak 
refused  food,  vomited  persistently  and  lost  strength  and  weight 
The  other  three  animals  recovered  and  were  killed  at  periods 
varying  from  five  to  eight  weeks.  The  reduction  of  the  kidney 
tissue  to  one-quarter  of  its  original  amount  at  one  operation 
was  attained  with  danger  but  was  not  necessarily  fatal. 

In  every  experiment  there  was  a  loss  of  weight  var3ring  from 
four  to  twenty-four  per  cent.  To  what  extent  this  loss  in  weight 
is  due  to  the  reduction  of  kidney  substance  and  to  what  extent  it 
is  due  to  diet  and  confinement  it  is  impossible  to  say,  as  we  made 
no  control  experiments  to  elucidate  these  points. 
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THE   RELATION    OF    LESIONS    OF    THE    ADRENAL 
GLAND  TO  CHRONIC  NEPHRITIS  AND  TO 
ARTERIOSCLEROSIS;  AN  ANA- 
TOMICAL STUDY.^ 

By  Richard  M.  Pearce,  M.  D. 

This  investigation  has  for  its  object  the  determination,  as  far 
as  may  be  possible  by  anatomical  study,  of  the  relation  which 
exists  between  arteriosclerosis  and  changes  in  the  adrenal  gland 
on  the  one  hand,  and  between  chronic  interstitial  nephritis  and 
adrenal  lesions  on  the  other. 

The  problem  is  of  considerable  general  interest  at  the  present 
moment  in  view  of  the  numerous  recent  publications  of  French 
clinicians  on  this  subject  and  has  attracted  my  attention  in  con- 
nection with  a  recent  critical  study  of  the  theory  of  chemical 
correlation  as  applied  to  the  kidney.*  It  would  appear  natural, 
in  view  of  our  knowledge  of  the  pressor  effect  of  adrenalin  and 
of  the  experimental  lesions  produced  in  the  rabbit  by  this  sub- 
stance, as  well  as  of  our  knowledge  of  the  frequent  association  of 
hypertension  with  chronic  interstitial  nephritis  and  arterioscler- 
osis, to  associate  both  the  renal  and  arterial  disturbances  with 
some  alteration  of  the  adrenal.  These  suggestive  facts,  taken 
in  connection  with  the  rapidly  accumulating  evidence  of  intimate 
chemical  correlation  between  widely  separated  organs,  renders 
the  problem  an  exceedingly  interesting  and  suggestive  one. 

Within  the  past  three  years  French  investigators,  led  by 
Vaquez,  have  contributed  a  large  mass  of  literature  which  indi- 
cates that  localized  or  diffuse  h)rperplasia  of  the  adrenal  is  com- 
monly associated,  when  the  disease  does  not  run  too  rapid  a 
course,  with  contracted  kidney  and  arteriosclerosis.  The  hyper- 
plasia is  considered  as  an  indication  of  hyperactivity  of  the 
antitoxic  and  angiotonic  functions  of  the  gland,  what  we  might 
call  perhaps  h)rperadrenalism. 

The  literature  of  this  subject  is  now  so  voluminous  that  it 
would  be  unwise  to  review  it  completely,  especially  as  the  ana- 
tomical studies  have  been  recently  very  completely  collected  and 

1  Work  aided  by  a  grant  from  the  Rockefeller  Institute  for  Medical  Research.  Published 
also  in  Joht.  Exper.  Med.,  xqoS,  x,  735. 

*  Pearce,  R.  M.,  The  Theory  of  Chemical  Correlation  as  Applied  to  the  Pathology  of  the 
Kidney.    Annual  address  before  the  Philadelphia  Pathological  Society,  April  23.  1908. 


Digitized  by  VjOOQ IC 


66  RELATION  OF  LESIONS  OF  THE  ADKENAL  GLAND 

described  by  Rose/  and  the  somewhat  scanty  and  not  very 
convincing  experimental  studies  have  been  similarly  treated  by 
Darre.*  To  indicate,  however,  the  observations  upon  which  this 
theory  is  based  a  portion  of  the  earlier  literature  should  be 
given  briefly : 

The  first  case  described  by  Vaquez  was  one  of  adenoma  of  die  cortex 
of  the  adrenal  associated  with  a  contracted  kidney.  Josu6  described 
three  instances  of  diffuse  arteriosclerosis  with  hypertrophy  of  the  adrenaL 
Aubertin  and  Ambard  studied  eight  cases  in  which  there  was  contracted 
kidney  and  found  fatty  adenoma  in  three,  diffuse  hyperplasia  in  four  and 
in  the  remaining  case  with  a  rapid  clinical  course  a  normal  adrenaL 
Lemaire  in  a  single  instance,  and  Froin  and  Rivet  in  six  out  of  seven 
cases  of  nephritis  found  adenomata  or  nodular  hyperplasia;  the  remain- 
ing patient,  in  whom  the  rise  in  blood  pressure  was  slight,  had  a  normal 
adrenal.  Menetrier  found  two  adenomata  in  seven  patients  with  con* 
tracted  kidney.  These  figures  indicate  the  frequency  with  which  patho- 
logical changes  have  been  described  in  the  adrenals  in  association  with 
renal  and  vascular  lesions.  There  are  many  negative  findings  however 
and  the  frequency  of  similar  lesions  with  diseases  other  than  those  of 
the  kidney  and  vascular  system  have  not  been  sufficiently  investigated. 
On  the  other  hand  Landau'  who  has  examined  the  adrenals  of  sixteen 
individuals,  suffering  from  general  arteriosclerosis  between  the  ages  of 
forty-nine  and  ninety-six  years  fotmd  no  changes  which  might  not  be 
ascribed  to  the  effect  on  the  gland  of  arteriosclerosis  of  the  vessels  of  the 
adrenal  itself. 

In  the  hope  of  throwing  more  light  on  the  subject  by  purely 
anatomical  studies  I  have  examined  the  autopsy  records  of  the 
Bender  Laboratory  and  have  attempted  to  determine  the  relation 
of  vascular  and  nephritic  lesions  to  changes  in  the  adrenaL 
Attention  has  been  paid  also  to  the  occurrence  of  h)rperplasia  of 
the  adrenal  in  association  with  conditions  other  than  chronic 
vascular  or  renal  disease. 

It  has  not  been  an  easy  matter  in  all  instances,  on  account  of 
the  slighter  variations  so  common  in  the  adrenal,  to  establish  a 
dividing  line  between  a  "  normal  picture "  and  the  changes  in 
the  gland  considered  by  the  French  writers  to  be  characteristic 
of  chronic  interstitial  nephritis.  An  arbitrary  normal  standard 
was  finally  established  by  comparing  the  descriptions  of  several 
histologists  with  sections  of  the  adrenal  of  twelve  individuals 

SRose,  P.,  Blutdrucksteigerung,  SchmmpfnierB  und  Nebennieren,  Mtd,  KUmk,  1907. 
ffi.  140s. 

^Darr^.  H.,  De  rinfluence  dee  alt^rationi  du  rein  lur  lef  glandet  turrtfoalet.  Park.  1907. 

*Landau,  H.,  Ueber  die  atuttomlschen  Ver&nderungen  in  den  Nebennieren  bei  Axter- 
ioelderoee.  ZHtsckr,  f.  Um.  M^d.,  1907.  Ixiv,  •97- 
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between  the  ages  of  forty  and  fifty-six  years  who  had  met  death 
by  violence  and  were  free  from  chronic  disease  of  any  kind,  and 
whose  glands  were  therefore  presumably  normal  for  the  ages 
given.  The  validity  of  the  establishment  of  this  normal  picture 
was  further  strengthened  by  the  study  of  glands  of  forty-six 
individuals  under  thirty  years  of  age  dying  as  the  result  of  vari- 
ous acute  infectious  diseases.  In  this  way  the  more  acute  degen- 
erative changes  were  controlled. 

On  the  other  hand  the  descriptions  of  Aubertin  and  Ambard* 
and  of  Vaquez  and  Aubertin^  have  been  taken  as  depicting  accu- 
rately the  changes  deemed  by  the  French  writers  to  be  character- 
istic of  chronic  interstitial  nephritis  with  hypertension.  Their 
histological  descriptions  may  be  summarized  as  follows:  The 
earliest  lesion  is  a  "non-fatty"  nodule  of  the  glomerular  zone 
involving  to  some  extent  the  fascicular  zone.  This  change  may 
be  found  in  other  conditions,  but  is  more  marked  in  chronic 
interstitial  nephritis.  Another  early  appearance  is  a  "  fatty  " 
nodule  well  limited  and  isolated  in  the  midst  of  normal  cells  and 
seen  especially  in  the  fascicular  zone.  The  latter  may  sometimes 
be  very  numerous  and  not  sharply  limited.  The  final  stage  is  a 
hyperplasia  adenomatosa  Male  with  definite  increase  in  the 
weight  of  the  gland.  A  true  macroscopic  adenoma  of  the  adrenal 
they  state  to  be  of  no  significance,  unless  associated  with  diflfuse 
h)rperplasia.  It  diflFers  from  the  so-called  adenoma  of  nephritis 
in  that  the  latter  is  a  more  marked  or  accentuated  local  manifes- 
tation of  a  diflfuse  process,  while  the  ordinary  macroscopic 
adenoma  develops  in  an  otherwise  normal  gland. 

It  must  be  here  stated  that  these  writers  have  never  limited 
these  lesions  to  the  adrenal  of  chronic  interstitial  nephritis  but 
have  said,  that  if  individuals  of  very  advanced  age  are  elimi- 
nated, the  lesions  are  found  in  nineteen  of  twenty  cases  of  the 
interstitial  type  of  nephritis  and  but  once  in  twenty  cases  of  the 
parenchymatous  type,  or  in  other  diseases  than  interstitial 
nephritis.  They  do  insist,  however,  that  these  lesions  are  always 
accompanied  by  hypertension  except  in  those  cases  of  chrcHiic 
nephritis  running  a  very  rapid  course. 

The  material  of  the  present  study  consists  of  163  adrenals 


•Aubertin,  C,  and  Ambard.  L..  L^iocs  des  capsules  surr^nales  dans  les  n^hrites  avec 
hsrpertension,  BttU.  €i  mem.  d.  I.  soc.  med.  h.  h6p.  d.  Paris,  1904.  xxl  175. 

*  Vaquex  and  Aubertin,  C,  Sur  rh>-perpla3ic  surrteale  des  n^hrites  hypertensives,  ibid., 
1905,  xxH.  705. 
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which  have  been  divided  into  groups  according  to  the  ages  of 
the  individual  and  the  presence  or  absence  of  chronic  renal  and 
vascular  lesions.  They  were  selected  from  a  group  of  1,200 
autopsies  and  include  all  sections  of  the  adrenal  which  pass 
through  the  center  of  the  entire  gland  and  are  well  preserved  and 
well  stained.  They  are  therefore  representative  of  the  lesions 
occurring  in  the  average  run  of  autopsy  material  In  no  case, 
however,  have  we  notes  of  the  blood  pressure  during  life.  Foi 
this  reason  the  study  of  material  of  this  kind  is  not  comparable, 
strictly  speaking,  to  the  studies  of  the  French  investigators  as  the 
latter,  for  the  most  part,  used  only  material  from  individuals  who 
during  life  showed  definite  hypertension.  The  purely  anatcnnical 
studies  here  presented  are,  however,  of  value  as  control  obser- 
vations and  form  a  basis  for  a  detailed  study,  now  in  progress, 
of  the  adrenal  from  individuals  exhibiting  hypertension  clinically. 
•  Group  I.  Normal  Glands. — ^This  group  includes  twelve  glands 
from  individuals  between  forty  and  fifty  years  of  age  (average 
forty-four  years)  who  met  sudden  death  from  some  form  of 
violence.    They  are  taken  as  normal  controls. 

Group  II,  Glands  from  Individuals  under  Thirty  Years  of 
Age  Dying  of  Infectious  Diseases. — ^This  group  includes  forty- 
seven  glands  of  which  fourteen  are  from  infants  and  sixteen 
from  children.  They  were  taken  as  controls  of  the  acute  degen- 
erative or  other  lesions  which  might  be  caused  by  infection. 
The  diseases  represented  are  diphtheria,  typhoid  fever,  tubercu- 
losis and  noma,  acute  infections  of  the  respiratory  system,  and 
diseases  of  the  gastro-intestinal  tract,  middle  ear,  and  uterus. 
In  only  eight  examples  could  departures  from  the  normal  struc- 
ture be  found.  These  occurred  in  three  glands  of  general  tuber- 
culosis, in  two  of  t)rphoid  fever,  and  one  gland  each  of  diphtheria, 
pelvic  abscess  and  septic  endometritis.  All  were  in  individuals 
over  twenty  years  of  age.  In  one  gland  of  the  tuberculosis 
group,  a  diffuse  hyperplasia  of  the  fascicular  zone  with  the  char- 
acteristic spongy  appearance,  and  in  another  a  very  definite  nodu- 
lar hyperplasia  of  the  glomerular  zone  occurred ;  in  two  excessive 
pigmentation  and  in  all  a  hyperplasia  of  the  medulla  existed.  In 
one  also  a  slight  diffuse  increase  of  connective  tissue  was  present 
and  in  another  some  round  cell  infiltration.  In  the  case  of  acute 
septic  endometritis  a  very  definite  hyperplasia  of  the  medulla 
with  round  cell  infiltration  existed.  In  one  gland  from  a  case 
of  typhoid  fever  were  noted  focal  necroses  with  extensive  leuco- 


Digitized  by  VjOOQ IC 


RICHARD  M.  PEARCE  69 

cytic  infiltration  and  in  the  other  multiple  nodular  hyperplasia 
of  the  glomerular  and  fascicular  zones  and  diffuse  hyperplasia 
of  the  medulla.  In  the  glands  from  cases  of  diphtheria  and 
pelvic  abscess  nodular  adenomata  were  also  present  with  more 
or  less  diffuse  "  fatty  "  changes.  In  connection  with  the  changes 
in  the  adrenals  of  tuberculosis  individuals  here  described  it  is 
noteworthy  that  Aubertin  and  Clunet*  have  described  hyptr- 
plasia  of  the  medulla  in  five  cases  of  tuberculosis. 

Group  III.  Glands  from  Indiznduals  Over  Thirty  Years  of 
Age,  Free  of  Chronic  Vascular  and  Renal  Disease, — ^This  group 
includes  nineteen  gla;ids  from  individuals  between  thirty-one  and 
fifty-seven  years  of  age  (average  forty-four  years).  They  are 
to  be  regarded  as  controls  for  the  glands  derived  from  indi- 
viduals of  the  arteriosclerotic  period.  Eight  showed  no  adeno- 
matous changes,  while  in  eleven^  were  found  the  changes 
described  by  Vaquez  and  Aubertin.  The  hyperplasia  was  nodu- 
lar in  eight,  diffuse  in  three  and  combined  in  two;  in  three  of  the 
nodular  variety  the  lesion  was  of  the  "  fatty  "  t)rpe.  Increase 
of  connective  tissue  was  found  in  three  glands  from  cases  of 
syphilis,  tuberculosis  and  cancer,  respectively,  with,  in  the  first, 
considerable  round  cell  infiltration.  Excessive  pigmentation  was 
present  in  two  glands  of  chronic  mitral  endocarditis.  H)rper- 
plasia  of  the  medulla  occurred  in  two  instances  in  association 
with  syphilis  and  chronic  mitral  disease,  an  association  which 
has  also  been  noted  by  Aubertin  and  Clunet. 

Group  IV.  Glands  from  Indiinduals  Over  Thirty  Years  of 
Age,  with  Contracted  Kidney,  Arteriosclerosis  and  Heart  Hyper- 
trophy.— This  group  has  been  very  carefully  selected  and  com- 
prises twenty-four  glands  from  individuals  who  suffered  from 
typical  chronic  nephritis  of  the  interstitial  type  (contracted  kid- 
ney) associated  with  well-marked  general  arteriosclerosis,  involv- 
ing the  aorta  or  its  larger  branches,  and  with  hypertrophy  of  the 
left  ventricle  (in  four  instances  both  ventricles)  of  the  heart. 
That  is,  it  represents  the  anatomical  material  corresponding  to 
the  typicsA  clinical  features  of  chronic  vascular  and  renal  disease 
with  which  hypertension  is  usually  associated.  The  ages  varied 
from  thirty-eight  to  eighty-seven  years  (average,  fifty-nine 
years). 

Only  one  of  these  glands  could  be  considered  absolutely  nor- 

•  Aubertin,  C,  et  Gtinet.  J.,  Hypcrtrophie  cardiaque  et  hypcrplaise  mMuUaire  des  sur- 
rteales,  C.  r.  Soc.  6$  Biol,  1907,  IxHi,  595. 


Digitized  by  VjOOQ IC 


70  RELATION  OF  LESIONS  OF  THE  ADRENAL  GLAND 

mal.  Sixteen  showed  changes  which  must  be  considered  as  the 
result  of  the  effect  on  the  gland  of  the  arteriosclerotic  changes 
in  its  own  vessels.  These  changes  are  similar  to  those  found 
in  the  kidney,  pancreas  and  other  organs  when  their  vessels  arc 
altered  by  arteriosclerosis.  The  vessels  of  the  medulla  and  cap- 
sule show  fibrous  and  hyaline  thickening  with  diminution  of 
lumen,  the  capsule  is  thickened  and  both  cortex  and  medulla 
show  various  grades  of  connective  tissue  increase  and  round 
cell  infiltration. 

In  all  instances,  in  addition  to  these  productive  changes,  cer- 
tain lesions  described  by  the  French  writers  were  present  to 
some  degree,  and  most  frequently  the  diffuse  hyperplasia  com- 
bined with  simple  nodules  of  either  the  "  fatty "  or  "  non- 
fatty  "  type. 

Similar  hyperplastic  lesions  were  found  in  the  seven  glands  in 
which  evident  fibrous  and  local  vascular  changes  were  absent, 
though  in  three  of  them,  it  should  be  noted,  round  cell  infiltration 
was  a  prominent  condition. 

In  six  glands  of  this  group  a  definite  hyperplasia  of  the 
medulla  was  apparent,  and  in  two  pigmentation  was  very 
marked ;  in  almost  all  the  glands  it  was  greater  than  normal. 

The  relation  of  the  adenomatous  changes  to  the  local  lesions 
due  to  arteriosclerosis,  in  the  sixteen  glands  first  described,  might 
be  explained  as  compensatory  to  gland  injury  and  analogous  to 
the  "  multiple  nodular  hyperplasia  "  seen  in  the  liver  in  cirrhosis 
and  in  repair  of  acute  yellow  atrophy  or  after  other  destructive 
lesions.  This  explanation  cannot  on  the  other  hand  be  applied 
to  the  simple  hyperplasia  observed  in  the  seven  glands  without 
connective  tissue  proliferation.  The  h)rperplasia,  however,  is  no 
more  frequent  in  these  glands  than  in  Groups  II  and  III  in 
which  chronic  vascular  and  renal  lesions  do  not  come  into 
question. 

Group  V.  Arteriosclerosis  Associated  with  Chronic  Nephritis 
of  the  Parenchymatous  Type, — ^This  group  includes  thirteen 
glands  from  individuals  who  showed  arteriosclerosis  of  the  same 
grade  as  the  previous  group,  but  in  whom  chronic  parenchyma- 
tous nephritis  instead  of  the  interstitial  type  existed.  This  ma- 
terial was  very  carefully  selected  in  order  to  exclude  the  latter 
and  to  include  examples  of  general  vascular  lesions  of  the  same 
degree  as  in  the  latter  disease.  The  ages  varied  from  thirty- 
eight  to  eighty  years  (average,  fifty-seven  years). 
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Of  these  glands  two  were  normal,  five  showed  vascular  and 
connective  tissue  lesions  of  the  character  seen  in  Group  IV,  as- 
sociated in  three  with  hyperplasia,  and  six  showed  hyperplasia 
only. 

The  conditions  therefore  are  not  essentially  different  from 
those  of  the  previous  group  and  do  not  support  the  view  of  the 
greater  importance  of  chronic  interstitial  nephritis  as  productive 
of  hyperplasia  of  the  adrenal. 

Group  VI,  Arteriosclerosis  witlwut  Chronic  Nephritis. — ^This 
group  comprises  sixteen  glands  obtained  from  individuals  with 
well-marked  arteriosclerosis  of  the  aorta  and  larger  vessels  but 
without  chronic  nephritis  of  any  type.  The  fatalities  include 
various  infections  and  the  chronic  diseases  common  to  the  latter 
half  of  life.  The  ages  vary  from  thirty-five  to  seventy-four 
years  (average,  fifty  years). 

Of  the  sixteen  glands,  ten  showed  the  vascular  and  connective 
tissue  changes  previously  described  as  characteristic  of  the 
arteriosclerotic  gland.  In  all  but  three  of  these,  adenomatous 
lesions  also  exist.  Four  exhibited  hyperplasia  only,  and  two 
were  normal. 

These  observations  compared  with  those  made  of  Groups  IV 
and  V  indicate  that  the  constant  factor  in  producing  the  hyper- 
plasia is  arteriosclerosis;  and  hyperplasia  occurs  indifferently 
in  chronic  nephritis  of  the  parenchymatous  type,  of  the  inter- 
stitial type,  and  in  absence  of  chronic  nephritis  of  all  types. 

Group  VIL  Chronic  Nephritis  without  Arteriosclerosis. — 
This  group  includes  twelve  glands  obtained  from  individuals  with- 
out arteriosclerosis  but  who  had  definite  chronic  nephritis,  which 
in  ten  was  of  the  parenchymatous  and  in  two  of  the  interstitial 
type.  Incidentally  this  group  bears  on  the  question  of  the  fre- 
quency with  which  chronic  interstitial  nephritis  occurs  in  the 
absence  of  arteriosclerosis.  The  ages  ranged  from  twenty-three 
to  fifty  years  (average,  thirty-six  years). 

Five  of  the  glands  were  normal.  Two,  from  individuals  with 
pneumonia  and  gangrene  of  the  leg,  respectively,  showed  diffuse 
hyperplasia  with  discrete  non- fatty  nodules;  and  four  showed 
nodular  adenomata  only.  The  remaining  gland  from  an  indi- 
vidual with  tertiary  syphilis  presented  very  extensive  round  cell 
infiltration  of  the  medulla,  but  no  hyperplasia.  Extensive  round 
cell  infiltration  was  present  also  in  the  gland  from  an  individual 
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with  gangrene  of  the  leg ;  and  slight  infiltration  in  one  of  chronic 
mitral  disease.  In  no  instance  was  an  increase  of  connective 
tissue  present.  Of  the  two  cases  of  interstitial  nephritis  one 
gland  showed  nodular  hyperplasia  and  the  other  none. 

These  findings  are  in  accord  with  those  previously  presented  as 
far  as  the  influence  of  chronic  nephritis  of  the  interstitial  type  is 
concerned  and  indicate,  as  do  the  findings  in  Groups  II  and  III, 
the  relative  frequency  of  hyperplasia  of  the  adrenal  in  the  absence 
of  arteriosclerosis. 

Group  VIIL  Does  Hyperplasia  Occur  in  Chronic  Destructive 
Lesions  of  the  Adrenal? — In  another  section  (Group  IV)  the  state- 
ment has  been  made  that  the  adenomatous  hyperplasia  of  the  ad- 
renal, in  chronic  productive  lesions  of  the  gland,  might  be  in  part 
a  compensatory  process  analogous  to  the  nodular  hyperplasia 
occurring  in  the  liver  of  cirrhosis.  An  attempt  has  been  made  to 
determine  whether  such  a  hyperplasia  occurs  in  the  persisting 
tissue  of  adrenals  which  are  the  seat  of  extensive  chronic  destruc- 
tive processes.  Two  glands  invaded  by  carcinoma,  two  with 
amyloid  and  ten  with  tuberculosis  have  been  studied.  In  two  of 
these,  cancer  and  amyloid  respectively,  a  nodular  hyperplasia  of 
the  "  non-fatty  "  type  was  demonstrable  in  the  glomerular  and 
fascicular  zones,  while  in  four  of  the  tuberculous  organs  areas 
were  found  which  could  be  interpreted  only  as  the  result  of 
hyperplasia.  These  masses  do  not  show  the  normal  architecture 
of  the  adrenal,  but  are  atypical  and  consist  of  very  large  pale 
vacuolated  cells  usually  containing  considerable  pigment.  The 
masses  are  located,  frequently,  at  a  distance  from  the  tuberculous 
lesions  and  encased  in  connective  tissue.  In  one  gland  in  which 
considerable  portions  of  the  organ  remained  intact  a  diffuse  hyper- 
plasia was  present. 

These  findings  support  the  theory  of  a  compensatory  nodular 
hyperplasia  of  the  adrenal,  and  suggest  a  possible  explanation  of 
the  relatively  constant  hyperplasia  of  the  arteriosclerotic  gland. 

Group  IX.  Macroscopic  Adenoma  of  the  Adrenal  and  Kidney 
(Hypernephroma) , — ^Although  Vaquez  and  Aubertin  state  that 
macroscopic  adenomata  are  of  no  importance  in  the  production 
of  hypertension  or  in  the  relation  of  the  adrenal  to  chronic  nephri- 
tis, I  have  grouped  these  cases  in  order  to  present  the  subject  in 
complete  form. 

Three  hypemephromata  of  the  kidney  and  three  adenomata  of 
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the  adrenal  were  available  for  study.  One  of  the  latter  was  from 
an  individual  of  thirty-eight  years  of  age  who  was  free  from  renal 
and  cardio-vascular  lesions.  The  other  five  were  all  from  indi- 
viduals between  fifty  and  sixty  years  of  age.  Chronic  nephritic 
of  the  parenchymatous  type  was  present  in  two  and  of  the  inter- 
stitial type  in  two  individuals ;  and  the  kidney  was  normal  in  one 
individual.  In  three  of  the  cases  a  well-marked  general  arterio- 
sclerosis and  in  two  slight  lesions  of  the  aorta  and  coronary 
arteries  existed.     Heart  hypertrophy  was  absent  in  all. 

Macroscopic  adrenal  adenomata  would  therefore  appear  to  have 
no  definite  relation  to  chronic  interstitial  nephritis ;  whether  they 
bear  any  relation  to  arteriosclerosis  cannot  be  concluded  from  the 
small  number  of  examples  in  my  studies. 

SUMMARY. 

Vaquez  and  Aubertin  advance  three  theories  in  explanation  of 
the  adrenal  hyperplasia;  first,  that  it  may  not  be  the  cause  of 
hypertension  but  "  an  antitoxic  hyperplasia  "  caused  by  the  re- 
tained products  of  metabolism  which  may  be  responsible  also  for 
the  hypertension ;  second,  that  it  may  be  the  cause  of  hypertension 
but  secondary  to  the  renal  lesion ;  third,  that  it  may  be  the  cause 
of  hypertension  but  may  antedate  the  renal  lesion  or  be  entirely 
independent  of  it.  They,  as  well  as  other  French  writers,  insist 
that  this  hyperplasia  is  almost  constantly  associated  with  chronic 
nephritis  of  the  interstitial  type  and  it  is  seldom  found  with  the 
parenchymatous  type  of  nephritis,  or  with  other  lesions. 

Hyperplasia  of  the  adrenal,  as  far  as  my  material  enables  one 
to  judge,  does  not  occur  during  the  first  and  second  decades.  In 
the  third  decade  it  is  relatively  frequent  in  the  absence  of  chronic 
arterial  and  renal  disease  but  reaches  the  maximum  in  association 
with  such  disease  after  the  fourth  decade.  It  is  an  almost  con- 
stant lesion  in  arteriosclerosis  associated  with  chronic  interstitial 
nephritis  and  left-sided  heart  hypertrophy,  but  occurs  with  almost 
equal  frequency  in  arteriosclerosis  with  chronic  nephritis  of  the 
parenchymatous  type.  It  is  a  relatively  frequent  lesion  of  arterio- 
sclerosis without  chronic  nephritis  and  of  the  latter  without 
arteriosclerosis  also.  As  the  result  of  this  analysis  one  is  lead 
to  the  view  that  while  hyperplasia  of  the  adrenal  is  a  very  fre- 
quent concomitant  of  chronic  renal  and  arterial  disease  it  is  not 
exclusively  a  feature  of  either  type  of  nephritis  or  yet  of  chronic 
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vascular  disease;  but  it  probably  represents  the  effect  of  some 
factor  operating  in  that  period  of  life  in  which  chronic  renal  and 
arterial  affections  are  most  frequent. 

Worthy  of  special  emphasis  is  the  observatic«i  that  the  char- 
acteristic lesion  of  an  adrenal,  the  seat  of  local  arteriosclerosis, 
is  of  the  type  of  the  chronic  productive  inflammation  seen  ia 
arteriosclerosis  of  the  pancreas  and  kidney;  that  is,  thickening 
of  the  vessels,  increase  of  connective  tissue  and  round  cell  infiltra- 
tion. Associated  with  these  changes  is  a  hyperplasia  which  is 
very  constant,  and  which  may  be,  in  part,  of  the  nature  of  a  ccmi- 
pensatory  hyperplasia  similar  to  that  seen  in  the  liver  of  cirrhosis 
and  acute  yellow  atrophy.  A  hyperplasia  of  this  t)rpe,  as  has 
been  shown,  may  occur  in  destructive  lesions  of  the  gland.  This^ 
however,  does  not  explain  hyperplasia  in  the  absence  of  local 
vascular  changes  which  fact  is,  possibly,  as  suggested  by  Landau, 
evidence,  not  of  a  correlation  between  kidney  and  adrenal,  but 
of  a  vicarious  hypertrophy  depending  upon  lesions  of  some  other 
organ  of  the  body  than  the  kidney,  possibly  some  other  ductless 
gland,  affected  by  arteriosclerosis  or  other  disease. 


CLINICAL  NOTES  AND  PHYSICOCHEMICAL  STUDY 

OF  SALT  ELIMINATION  IN  THE  URINE  OF  AN 

INDIVIDUAL    WITH    GENERAL    EDEMA    OF 

OBSCURE  ORIGIN,  FOLLOWED  BY  CURE.* 

By  holmes  C.  JACKSON,  Ph.  D. 

AND 

ARTHUR  W.  ELTING,  M.  D. 
Albany,  N.   7, 

This  case  of  general  edema  of  obscure  origin  without  evidence 
of  kidney  lesion  is  reported  in  part  on  account  of  its  interest  clini- 
cally and  in  part  because  of  the  unusual  importance  of  the  results 
of  the  physical  and  chemical  examination  of  urine.  Incidentally, 
therapeutic  observations  difficult  of  interpretation  but  apparently 
of  some  value  are  also  presented. 

♦  This  investigation  was  pursued  under  a  grant  made  by  the  Committee  on  Scientific 
Research  of  the  American  Medical  Association,  and  is  from  the  Bender  Laboratory.  Albany^ 
N.  Y. 
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CuNiCAL  Refokt  (A.  W.  Elting). 

Patient  G.  H.  R.,  aged  45,  an  experimental  chemist  by  occupation, 
was  first  seen  in  July,  1907,  at  which  time  he  complained  of  irritation 
of  the  throat,  general  debility,  and  inability  to  concentrate  his  attention 
on  his  work. 

History,  His  family  and  past  history  were  negative,  except  that  for 
the  last  ten  years  most  of  his  time  had  been  spent  in  a  much  vitiated 
atmosphere  due  to  the  decomposition  at  high  temperatures  of  linseed 
oil,  gums,  resins  and  hydrocarbon  compounds.  These  vapors  are  for  the 
most  part  acid,  readily  form  metallic  salts,  and  are  as  a  rule  irritating 
to  the  urinary  tract.  The  patient  used  alcohol  and  tobacco  moderately 
and  gave  an  indefinite  and  improbable  history  of  chancre  twenty  years 
ago,  with  no  subsequent  luetic  manifestations. 

Onset  of  disease.  He  had  noticed  for  several  years  past  that  when 
subjected  to  the  fumes  above  described  he  would  be  troubled  by  irritation 
of  the  urinary  tract  and  of  the  throat.  During  the  winter  of  1903  he 
first  observed  an  occasional  swelling  of  the  palmax  surface  of  the  fingers, 
and  about  the  same  time  some  slight  enlargement  of  the  upper  part  of 
the  abdomen.  He  also  became  fatigued  on  slight  exertion  and  very 
languid.  Moderate  doses  of  blue  mass  relieved  these  conditions  tem- 
porarily. In  1905  the  feeling  of  lassitude  became  quite  constant  He 
would  arise  in  the  morning  feeling  fairly  well,  but  on  moving  about 
would  soon  become  tired.  He  was  also  troubled  with  drowsiness  during 
the  day,  sometimes  falling  asleep  at  his  desk.  Nervousness  was  an  almost 
constant  symptom,  for  which  no  definite  cause  could  be  assigned,  and  he 
suffered  from  slight  lapses  of  memory  and  was  at  times  much  troubled 
with  a  cough.  On  retiring  at  night  he  would  fall  asleep  for  a  short  time 
and  then  awaken  with  a  nervous  start  which  would  be  followed  by  in- 
somnia for  the  rest  of  the  night  In  April,  1907,  he  noticed  some  puffiness 
about  the  lower  eyelids,  which  later  extended  to  the  temporal  region. 
About  this  time  he  found  that  he  could  not  lie  with  his  head  low  in 
bed  without  experiencing  a  sensation  in  the  ears  similar  to  that  caused 
by  water.  When  the  patient  was  seen  in  July  there  was  very  slight 
puffiness  about  the  lower  eyelids  and  face,  with  moderate  chronic  laryn- 
gitis, but  no  other  evidence  of  physical  disorder.  The  usual  urine  examina- 
tion at  that  time  was  negative.  In  August  and  September  the  edema 
increased  somewhat  in  the  face  and  extended  to  the  neck,  chest,  upper 
part  of  the  back  and  the  upper  extremities.  He  was  seen  again  about 
October  i,  1907,  at  which  time  the  edema  in  the  above-mentioned  localities 
was  quite  pronounced  and  there  was  slight  dyspnea  and  cyanosis.  A 
suspicion  of  mediastinal  tumor  was  entertained,  but  absolutely  no  physical 
evidence  of  such  a  condition  could  be  detected.  The  urine  examination 
was  negative  (chlorid  elimination  was  not  tested).  The  patient  was 
advised  to  give  up  his  work  for  a  time  and  go  to  his  home  in  Pennsylvania. 
This  he  did.  About  this  time  the  cough  became  much  aggravated  and 
more  parox3rsmal  in  character,  accompanied  by  vertigo  and  semi-uncon- 
sdottsness  for  a  few  seconds.  The  patient  also  found  it  impossible  to  lie 
flat  in  bed  because  of  dyspnea  and  was  compelled  to  sleep  propped  up. 
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Abottt  October  15,  1907,  the  attacks  of  coughing  became  mndi  more 
severe  and  breathing  more  labored;  the  expectoration  was  slight  in 
aniottnt  and  consisted  of  a  frothy  mucus.  The  edema  gradually  extended 
downward  over  the  trunk,  then  involved  the  scrotum  and  finally,  bat 
gradually,  the  legs.  The  patient's  condition  became  desperate  because  of 
the  attacks  of  coufi^iing,  the  dyspnea  and  the  cyanosis,  and  with  mncb 
difficulty  he  was  brought  from  his  home  in  Pennsylvania  to  St  Peter's 
Hospital,  where  he  was  admitted  October  30^  1907. 

Condition  on  Admission.  This  was  alarming.  Djrspnea  was  very 
marked  and  increased  on  the  slightest  exertion.  Cyanosis  was  pronounced 
and  there  was  a  most  extensive  edema  of  the  face,  neck,  chest,  bade  and 
upper  extremities,  less  marked  over  the  lower  part  of  the  trunk,  the 
scrotum  and  lower  extremities.  The  patient  suffered  from  frequent 
paroxysms  of  coughing,  and  at  these  times  he  would  have  mild  con- 
vulsive seizures  and  become  unconscious  for  a  few  seconds.  It  was 
impossible  for  the  patient  to  lie  down  and  he  sat  propped  up  in  a  chair. 
The  edema  was  of  a  firm  character  and  seemed  to  invdve  the  muscles 
and  deeper  tissues  rather  than  the  subcutaneous  tissues. 

Physical  Examination.  There  was  absolutely  no  evidence  of  any  accu- 
mulation of  fluid  in  the  serous  cavities.  Examination  of  the  heart  and 
lungs  was  negative  except  for  sibilant,  sonorous  and  some  small  moist 
rales.  The  abdominal  viscera  were  normal  The  temperature  was  sub- 
normal and  the  pulse  about  100.  The  quantity  of  urine  was  much  re- 
duced, varying  from  300  to  500  cubic  centimeters  in  twenty-four  hours. 
The  patient  was  extremely  nervous  and  slept  but  little.  His  appetite 
was  poor.  The  blood  examination  was  negative.  Satisfactory  radio- 
graphs of  the  thorax  were  obtained,  but  these  were  normal  and  there 
was  no  evidence  whatever  of  mediastinal  tumor  or  aneurism.  Nervous- 
ness was  a  constant  and  pronotmced  symptom,  as  was  insomnia.  The 
patient's  condition  for  the  first  week  after  admission  to  the  hospital  was 
most  desperate,  chiefly  because  of  the  attacks  of  dyspnea  and  coughing^ 
dtxriog  which  he  would  frequently  lose  consciousness.  The  appetite  was 
very  poor. 

Treatment,  On  admission  to  the  hospital  the  patient  was  given  large 
quantities  of  liquids  and  iodid  of  potash  in  increasing  doses. 

November  10:  The  administration  of  acetate  of  potash  and  infusion 
of  digitalis  apparently  caused  some  increase  in  the  volume  of  urine. 

November  12:  A  steam  bath  was  given  without  any  evident  increase 
in  the  perspiration,  the  patient's  skin  having  been  imusually  dry  at  all 
times  and  perspiration  evidently  very  much  below  the  normal.  Heroin 
in  one-twelfth  grain  doses  seemed  to  be  quite  effectual  in  relieving  the 
cough.  He  was  unable  to  lie  down  and  spent  all  his  time  propped  up> 
in  a  chair. 

November  21 :  He  suffered  a  very  severe  attack  of  dyspnea  and  became 
unconscious.  Oxygen,  amyl  nitrite  and  nitroglycerin  were  freely  used  and 
resuscitated  him.  The  patient  was  given  an  ounce  of  magnesium  sul- 
phate every  other  morning  and  the  stools  were  quite  watery  in 
consequence. 

November  25:   He  was  placed  on  as  nearly  a  salt-free  diet  as  could  be 
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secured,  and  from  this  date  until  February  i,  1908,  a  somewhat  complete 
quantitative  examination  of  the  urine  was  performed  daily,  the  results 
of  which  follow  the  clinical  report 

November  27:    The  diuretic  mixture  was  discontinued. 

December  8:  The  patient  was  given  potassium  nitrate  in  fifteen  grain 
doses  every  three  hours.  As  the  result  of  the  administration  of  this  the 
volume  of  the  urine  increased  until  on  December  12  it  amounted  to  3,225 
cubic  centimeters  (Table  2).  Coincident  with  this  there  was  a  marked 
diminution  in  the  edema  and  a  decided  improvement  in  the  general  con- 
dition. Attempts  were  also  made  to  givt  the  patient  subcutaneous  infu- 
sions of  sterile  water,  but  these  had  to  be  abandoned  because  of  the 
great  pain  they  occasioned.  He  was,  however,  given  twelve  ounces  of 
sterile  water  by  rectum  each  day.  The  potassium  nitrate  was  discon- 
tinued on  December  12  and  was  resumed  on  December  14,  with  but 
little  effect  on  the  volume  of  the  urine,  but  the  chlorid  output  was 
markedly  increased. 

December  13:  The  patient  was  given  an  artificial  Nauheim  bath  and 
this  was  repeated  on  two  successive  days  with  apparently  a  marked  soften- 
ing and  lessening  of  the  edema  and  a  'decided  improvement  in  the 
cough  and  dyspnea. 

December  27:  Another  series  of  artificial  Nauheim  baths  was  given 
on  alternate  days  with  a  lessening  of  the  edema.  About  this  time  the 
patient  was  able  to  assume  a  somewhat  reclining  posture  at  night  and 
gradually  as  his  condition  improved  his  position  in  sleeping  approached 
more  and  more  the  horizontal.  About  January  i,  1908,  the  patient  began 
to  take  a  few  steps,  but  was  easily  exhausted  and  was  very  weak. 

January  4:  He  experienced  a  very  severe  attack  of  coughing  and 
dyspnea  and  the  edema  increased  slightly. 

January  20:  A  small  fixed  quantity  of  salt,  5  grams  per  diem,  was 
added  to  the  food,  but  the  patient  objected  strongly,  stating  that  it 
nauseated  hinL  Gradually,  however,  he  became  accustomed  to  it  and  the 
dislike  for  salt  disappeared 

Clinical  Course.  The  course  of  the  edema  was  variable;  as  a  rule, 
when  the  urine  increased  the  edema  decreased.  The  edema  first  disap- 
peared from  the  chest,  then  the  face  and  the  back,  the  legs  and  forearms 
being  the  last  to  yield.  Gradually  the  patient  was  encouraged  to  take 
more  exercise  and  to  get  out  of  doors  for  a  short  time  each  day.  This 
seemed  to  exert  a  very  beneficial  effect  on  the  edema,  and  the  dyspnea 
and  coughing  seemed  to  vary  with  the  edema. 

Later  Course.  The  patient  left  the  hospital  on  February  i,  igo8.  At 
this  time  there  was  still  some  edema  in  the  forearms  and  legs,  and  some 
dyspnea,  which  increased  on  exertion.  His  general  condition  was  fairly 
good.  His  strength  was  greatly  improved  and  he  was  voiding  about  a 
normal  amotmt  of  urine.  He  was  then  able  to  sleep  in  the  horizontal  posi- 
tion and  was  decidedly  less  nervous.  The  week  following  discharge  from 
the  hospital  was  spent  at  his  home.  The  urine  varied  from  600  to  900 
cubic  centimeters  in  twenty-four  hours,  and  the  patient's  appetite  was 
somewhat  improved.  At  the  end  of  one  week  he  started  for  Bermuda. 
The  sea  air  increased  the  cough  and  expectoration  somewhat,  but  the 
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breathing  was  less  labored.  Shortly  after  arriving  in  Bermuda  he  was 
taken  with  a  chill,  followed  by  a  fever  which  lasted  for  a  day  or  two. 
He  had  great  thirst  and  drank  large  quantities  of  water.  At  this  time  he 
had  massage  each  day  for  three  or  four  days  and  the  urine  rapidly 
increased  to  3,000  cubic  centimeters  in  twenty-four  hours.  He  was  on 
a  light  diet  with  large  quantities  of  fruit,  especially  oranges.  From  Ber- 
muda he  went  to  Nassau,  where  the  temperature  was  higher  and  where 
he  was  able  to  take  more  exercise  and  felt  much  better.  The  urine  ranged 
from  1,500  to  i3oo  cubic  centimeters  daily.  Early  in  March  the  patient 
returned  to  Pennsylvania,  much  improved  in  every  way,  the  edema  less 
marked,  his  strength  greatly  improved  and  with  but  little  dyspnea  on 
exertion.  When  the  patient  was  seen  June  10,  1908,  there  was  but  slight 
edema,  traces  being  found  in  the  neck,  forearms,  calves  and  about  the 
ankles;  this,  as  previously,  seemed  to  be  muscular  rather  than  sub- 
cutaneous. The  edema  appeared  to  be  more  or  less  transitory.  Sleeping 
in  the  sitting  posture  increased  the  edema  of  the  legs,  while  sleeping  in 
the  recumbent  posture  increased  it  in  the  face,  neck  and  arms.  Exercise 
rapidly  lessened  the  edema.  The  general  health  was  good  and  the  appe- 
tite was  normal.  Since  the  middle  of  February  the  patient  has  taken  no 
medicine,  except  one  ounce  of  Rochelle  salts  every  other  day  and  an 
occasional  eight-grain  blue  mass  pill.  The  cough  has  entirely  ceased, 
except  on  severe  exertion,  and  when  it  does  occur  it  is  without  the 
previous  spasmodic  character.  The  patient  has  resumed  part  of  his 
duties. 

Examination  of  the  Urine  (H.  C  Jackson). 

As  stated  in  the  clinical  notes,  a  preliminary  examination  of  a  twenty- 
four-hour  specimen  of  the  urine  of  November  21,  1907,  showed  a  small 
volume  of  340  cubic  centimeters  with  a  normal  specific  gravity  of  IQ2S 
Qualitative  tests  indicated  that  no  pathologic  substances  were  present 
The  first  indication  of  an  abnormality  was  shown  on  testing  for  chlorids 
by  the  addition  of  silver  nitrate  to  the  urine  made  acid  with  nitric  add. 
The  slightest  precipitate,  amountng  to  only  an  opalescence,  resulted, 
indicating  a  practical  absence  of  chlorids.  At  this  time  the  patient  was 
living  on  an  ordinary  hospital  diet.  Orders  were  immediately  given  for 
the  preparation  of  a  special  diet  which  was  as  nearly  free  from  salts, 
especially  sodium  chlorid,  as  could  be  obtained.  Fluids  were  given  in  as 
large  quantities  as  possible.  The  regular  examination  and  analysis  of 
twenty-four-hour  samples  of  urine  began  on  November  24,  1907,  and  con- 
tinued until  February  i,  1908^  in  all  ten  weeks.  The  analysis  consisted 
in  the  determination  of  the  volume,  specific  gravity,  total  nitrogen  accord- 
ing to  Kjeldahl's  method,  chlorids  by  Volhard's  indirect  method,  phosphates 
by  titration  with  uranium  nitrate  and  the  depression  of  the  freezing 
point  A  ^  means  of  the  ordinary  Beckmann  apparatus.  At  various 
times  during  the  period  of  observation  the  ammonia  and  uric  acid  were 
estimated  and  were  found  to  be  normal  in  amount  and  in  percentage  of 
total  nitrogen.  At  no  time  could  albumin  or  casts  be  detected.  The  whole 
time  of  observation  has  been  divided  into  four  periods  of  from  ten  to 
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thirteen  days  each.  The  first  represents  the  time  during  the  change  from 
the  normal  to  salt-free  diet  and  includes  nine  days  on  the  latter  diet 
The  second  follows  the  first,  after  a  lapse  of  three  days,  and  consists  of 
the  days  just  before,  during  and  after  the  administration  of  potassium 
nitrate  during  a  salt-free  diet.  The  third,  with  three  days'  interval,  repre- 
sents the  efiFect  of  the  artificial  Nauheim  baths  on  the  patient,  who  was 
still  on  the  same  diet  The  fourth  and  last  period  begins  after  a  lapse 
of  eleven  days,  during  which  time  the  condition  of  the  patient  was  steadily 
improving  on  the  salt-free  diet  and  continues  during  the  period  when 
an  approximately  normal  diet  was  resumed.  The  patient,  during  the 
period  of  forced  restraint  from  salt,  developed  a  decided  dislike  to  the 
condiment  and  it  was  only  with  considerable  difficulty,  by  persuasion,  and 
by  placing  the  salt  in  the  food  during  preparation,  that  he  was  induced 
to  take  a  definite  amount  (five  grams)  each  day  during  the  final  period 
of  normal  diet.  The  tables  for  the  four  periods  follow,  with  the  dis- 
cussion of  the  important  points  brought  out  in  each: 

Period  I. 

Previous  to  November  24,  1907,  the  daily  volume  of  the  urine  aver- 
aged from  150  to  300  cubic  centimeters  and  the  administration  of  digitalis 
and  potassium  acetate  and  digitalin  had  little  effect  as  regards  the  volume 
of  output.  It  will  be  seen  in  the  clinical  report  that  the  administration 
of  water  on  the  salt-free  diet  benefited  this  condition  somewhat,  as  the 
volume  rose  at  times  to  almost  the  normal  with  the  specific  gravity  only 
a  little  below  the  average.  The  absolute  chlorid  elimination  averaged 
almost  two  grams  on  the  normal  diet.  This  amount  fell  gradually  during 
the  salt  privation,  although  at  times  it  reached  nearly  to  the  normal  diet 
figures  for  this  individual.  It  is  interesting  to  note  that  the  chlorid  per- 
centage output  did  not  vary  with  the  absolute  output  of  chlorin  or  with 
the  elimination  of  water,  but  with  some  few  exceptional  days  remained 
between  0.16  and  0.32  per  cent,  (see  also  the  first  two  days  in  Table  2). 
This  fact  seemed  to  indicate  that  during  the  period  of  hydremic  plethora 
following  the  ingestion  of  larger  quantities  of  water  the  blood  was  able 
quickly  to  resume  its  then  normal  osmotic  concentration  by  drawing  from 
the  salt  of  the  tissues,  and  that  the  filtrate  passing  through  the  glomerulus 
was  constant  in  composition  and  was  normally  concentrated  in  the  convo- 
luted tubules.  On  the  other  hand,  the  depression  of  the  freezing  point 
runs  parallel  with  the  specific  gravity  and  inversely  as  the  volume  and  in 
no  relation  to  the  chlorid  output,  absolute  or  percentage.  Evidently,  then, 
the  nitrogenous  constituents  (urea,  uric  add,  kreatinin,  etc.)  were  bdng 
eliminated  in  normal  manner  and  variations  in  their  output  and  percentage 
relations  were  causing  the  ordinary  changes  in  specific  gravity  and 
depression  of  the  freezing  point.  Neglecting  the  abnormally  low  chldrid 
elimination,  and  hence  low  specific  gravity  in  relation  to  the  volume  of 
urine  excreted,  the  other  physical  factors  reacted  perfectly  normally. 
Thus  no  evidence  could  be  obtained  in  any  way,  at  any  stage  of  the 
investigation,  that  the  renal  function  was  affected  in  the  slightest  degree. 
The  phosphoric  add  elimination  was  somewhat  below  the  average,  bu^ 
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Table  1. 


Date 

Vol. 
cc 

Sp.Gr. 

Chlorids 

Gnuiis 

A 

A 
Naa 

Grams 

Percent. 

ix/a6 

ix/»7 

xx/t8 

ix/aa 

xi/30 

la/x 

la/a 

1./3 

ia/4 

4x5 

Soo 

X150 

S15 

700 

laao 

650 

S3S 

36s 
S40 

ar 

X3 

XX 

ao 
xs 

xa 

x6 

ao 

aa 
ax 

X.34 
x.oa 
a. 53 
X.43 
0.84 
.   X.9S 
0.9X 
0.53 

o.ap 
x.08 

0.3a 
o.ax 
o.aa 
o.a7 
o.xa 
o.x6 
O.X4 
o.xo 

0.08 
0.  JO 

x.4a 
x.07 
x.xo 
i.8x 
X.X4 
x.x6 
x.ax 
X.47 

0.66 
X.49 

0.87 

0.665 

X.08S 

0.950 

O.S45 

0.865 

x.xoo 

X.090 
x.a8o 

4.X 
3. a 

4.0 
7.9 
3-4 
6.x 
XX. 0 

X3.6 
6.4 

Normal  diet. 
Normal  diet. 
Salt-free  diet. 
Salt-free  diet. 
Salt-fxee  diet. 
Salt-free  dist. 
Salt-free  diet. 
Salt-free  diet. 

Salt-free  diet. 
Salt-free  diet. 

•SyG^ 


cc. 


Ckw.Ui 


\0t 
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when  considered  in  connection  with  the  diet  and  amount  of  nitrogen 
excreted,  it  was  considerably  above  the  normal.    We  believe  that  the 

high  1^^^  factor  was  without  value  as  an  indication  of  any  disturbed 

circulatory,  cardiac  or  renal  lesion  (Korinyi^),  since  this  factor  paralleled 
almost  exactly  the  concentration  of  the  urine  as  indicated  by  the  specific 
gravity  and  depression  of  the  freezing  point 

Period  II. 

On  December  9,  1907,  the  administration  of  potassium  nitrate  in  doses 
of  fifteen  grains  every  three  hours  was  begun  and  continued  for  three  days 
followed  after  one  da/s  intermission  by  a  second  period  of  three  days 
with  similar  treatment.  During  all  this  time  the  salt  privation  was  con- 
tinued. The  nitrate  was  selected'  since,  according  to  Sollmann,  sodium 
nitrate  stands  as  one  of  the  few  diuretics  which  occasions  an  increased 
percentage  output  of  sodium  chlorid  coincident  to  the  diuresis.  The  ex- 
planation offered  by  Sollmann  is  that  the  nitrate  replaces  the  sodium 
chlorid  in  the  tissues,  thus  throwing  the  latter  substance  out  of  combina- 
tion and  allowing  of  its  excretion.  In  view  of  the  relatively  small 
amounts  of  potassium  nitrate  administered  and  the  tremendous  elimination 
of  sodium  chlorid  which  it  caused,  such  an  explanation  seems  hardly 
probable  or  even  possible.  As  the  table  indicates,  the  potassium  nitrate 
during  the  first  period  of  ingestion  caused  a  diuresis  during  which  the 
volume  increased  to  3,225  cubic  centimeters  on  the  last  day;  the  specific  . 
gravity  was  not  markedly  lowered  owing  to  the  fact  that  the  percentage 
output  of  sodium  chlorid  was  doubled;  on  the  last  day  the  absolute 
excretion  of  chlorids  reached  seventeen  and  four-tenths  g^'ams.  The  A 
remained  unchanged;  the  increased  concentration  of  the  chlorids  being 
counterbalanced  by  the  decreased  percentage  elimination  of  the  other 
soluble  constituents  of  the  urine,  as  is  normally  the  case  during  diuresis. 
This  again  supports  the  view  that  the  increased  percentage  output  of 
chlorids  is  due  to  an  increased  ionic  concentration  of  the  blood  in  terms 

of  this  ion.    The  factor  ||^[q  was  reduced  to  the  normal  figures  during 

this  and  the  subsequent  potassium  nitrate  period.  The  phosphoric  acid 
output  was  somewhat  increased  in  absolute  amount,  but  the  percentage 
figures  were  lowered  during  the  diuresis.  The  second  period  of  potassium 
nitrate  ingestion  differed  slightly  from  the  former  in  that  the  diuresis 
was  not  very  evident;  the  increased  chlorid  output  was  quite  pronounced, 
although  not  so  marked  as  in  the  first  period.  This  condition  caused  the 
A    to  increase  and  percentage  of  chlorid  elimination  to  rise  on  one  day 

'  V.  Korinyi,  A.:  Physiologische  und  kliniiche  Untenuchungen  uber  den  osmotitchen 
Druck  thierischen  PlQssigketten  Ztschr.  f.  kUn,  M9d.,  1897,  xxxiii.  i;  1898.  xxxiv.  i. 

>  This  substance  was  employed  following  the  work  of  Sollmann  (The  Effect  of  Diuretics, 
Nephritic  Poisons  and  Other  Agencies  on  the  Chlorids  of  the  Urine,  Am.  Jowr,  Physiol,^ 
1903.  ix,  433).  who  showed  the  diuretic  effect  of  sodium  nitrate  and  its  power  to  increase 
both  the  absolute  and  percentage  elimination  of  chlorids.  The  potassium  salt  was  chosen 
in  the  hope  that  the  well-known  effect  of  these  salts  in  replacing  sodium  compoimds  in  tha 
body  (Bunge)  might  aid  in  producing  a  favorable  result. 
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Table  2. 


Chlorids 

A 
NaQ 

Date 

Vol. 
cc. 

Sp.Gr. 

Graxxis 

A 

Grams 

Percent. 

ia/8 

850 

14 

a. 04 

0.34 

X.5X 

.... 

Salt-fxee  diet. 

19    /9 

785 

x6 

X.4X 

0.18 

x.48 

0.800 

4.4 

Salt-free  dkt. 

xa/io 

XX40 

14 

a. 74 

o.a4 

x.a8 

0.740 

3.08 

Pot.  xiitnite. 

xa/ii 

axxo 

xa 

8.86 

0.4a 

a. 00 

0.650 

X.50 

Pot.  nitrate. 

xt/xa 

32*5 

xa 

X7.40 

0.54 

a. 13 

0.660 

1.99 

Pot.nftiate. 

xa/i3 

X300 

a6 

6.50 

0.50 

a. 08 

0.775 

1.55 

Salt-free  diet. 

xa/x4 

580 

30 

a. 7a 

0.47 

a.a4 

Pot.  nitrate. 

^»/iS 

700 

a8 

4.06 

0.58 

3.4a 

0.875 

1.50 

Pot.  nitrate. 

xa/x6 

790 

30 

6.95 

0.88 

a.a7 

1.765 

a. 00 

Pot.  nitrate. 

X2/X7 

610 

a4 

3.4a 

0.56 

X.98 

1.845 

3.33 

Salt-free  diet. 

ia/i8 

Sas 

a8 

a.xo 

0.40 

1.335 

5.45 

Salt-fi«e  diet. 

la/tD 

6x5 

ao 

X.48 

o.a4 

.... 

X.470 

6.1a 

Salt-free  diet. 

Chabt  or  Table  2. 
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to  almost  normal  figures.  During  the  six  days  of  drug  administration 
and  the  two  single  days  following  each  period,  fifty-two  and  sixty-five 
hundredths  grams  of  sodium  chlorid  were  excreted,  and  this  during  a 
salt-free  diet 

If  we  consider  the  weight  of  the  patient  at  seventy-five  kilos  and 
deduct  therefrom  the  proportional  fraction  of  this  due  to  bone,  by  a  sim- 
ple calculation  one  can  determine  that  the  presence  of  these  fifty-two 
and  six-tenths  grams  of  sodium  chlorid  in  the  body  before  its  elimination 
would  have  been  sufficient  to  increase  the  osmotic  concentration  of 
the  fluids  of  the  whole  body  equivalent  to  that  of  about  a  one  per  cent 
sodium  chlorid  solution.  This  will  serve  to  indicate  the  extreme  state  of 
hypertonicity  which  must  have  existed  in  the  fluids  of  the  body  before 
the  administration  of  the  potassium  nitrate  and  to  which  it  is  believed 
the  edema  was  due. 

This  period  of  somewhat  incomplete  analytical  results  covers  the  time 
of  gradual  recovery  with  continued  salt  privation.  During  part  of  this 
time,  beginning  on  December  27,  1907,  the  patient  was  given  a  series  of 
artificial  Nauheim  baths  on  alternate  days,  with  the  intention  of  stimu- 
lating the  peripheral  circulation.  All  previous  attempts  to  cause  sweating 
by  hot  baths^  etc.,  had  been  fruitless.  While  the  results  are  hard  to 
explain,  they  are  too  evident  to  admit  of  doubt  as  to  cause  and  effect. 
No  change  in  the  volume  of  urine  was  noticed,  but  the  increased  elimina- 
tion of  chlorids  brought  the  percentage  output  almost  up  to  normal  on 
December  30  and  to  one  and  seven-tenths  per  cent  on  December  28. 
During  the  period  between  January  i  and  12  the  effect  of  abstinence  from 
sodium  chlorid  became  evident  in  the  extreme  lowness  of  the  absolute 
output,  amounting  on  the  average  to  only  forty-five  one  hundredths  gram. 
This  can  be  seen  on  examination  of  the  first  three  days,  Table  4. 

Period  IV. 

This  table  details  the  results  of  the  commencement  and  continuance  of 
a  somewhat  normal  diet  in  which  sodium  chlorid  was  not  excluded,  but 
during  part  of  which  sodium  chlorid  was  administered  in  five-gram 
amounts  per  diem.  The  first  ten  days  in  the  table  are  continuous;  then 
follows  a  lapse  of  four  days,  and  a  subsequent  period  of  three  days  is 
added  in  order  to  show  the  effect  of  the  normal  diet  two  weeks  after  its 
commencement  Finally,  there  follows  the  results  of  a  partial  examina- 
tion of  the  urine  of  the  same  individual  on  May  19,  1908^  or  three  and 
one-half  months  subsequent  to  the  time  when  the  patient  left  the  hospital 
(February  i,  1908). 

The  figures  for  this  period  indicate  that,  while  the  volume  of  the  urine 
had  not  assumed  normal  figures,  the  specific  gravity  was  much  higher 
with  the  same  volume  than  was  the  case  before  the  treatment  began 
(Table  i).  As  striking  evidence  in  favor  of  the  view  that  the  edema 
was  set  up  by  chlorid  retention,  there  must  be  pointed  out  the  tenacity 
with  which  the  body  has  retained  the  chlorids  in  spite  of  deprivation  of 
these  salts;  thus,  after  about  seven  weeks  of  salt-free  diet,  the  body,  even 
at  that  time,  was  not  in  a  state  of  chlorid  hunger,  since  the  addition 
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of  &ye  grams  of  salt  to  the  diet  caused  the  elimination,  after  three  days, 
of  over  this  amount  and  within  the  week  following  the  hody  was  almost 
in  exact  sodium  chlorid  equilibrium. 

Table  3. 


Chlorids 

Date 

Vol. 
cc. 

Sp.  Gr. 

I.O 

P.O. 
Grams 

Gnuns 

Percent. 

ia/a$ 

347 

a5 

O.X4 

1.37 

Salt-free  diet. 

xa/a4 

645 

ao 

O.X9 

a. 16 

Salt-free  diet. 

la/as 

70s 

19 

0.30 

1.37 

Salt-free  diet. 

ia/a6 

6x5 

ao 

0.48 

X.30 

Salt-free  diet. 

la/aj 

400 

a7 

0.30 

x.a5 

Salt-free  diet. 

la/aB 

Sas 

ax 

8.8a 

X.70 

x.oo 

Salt-free  diet  +  Naubetxn  bath. 

ia/a9 

475 

a6 

0.31 

1.59 

Salt-free  diet. 

X  /so 

480 

a3 

0.88 

a. 19 

Salt-free  diet  +  Nauheim  bath. 

x»/3i 

390 

a6 

0.35 

X.40 

Salt-free  diet. 

6x0 

a6 

0.60 

x.x6 

Salt-free  diet  +  Nauheim  ba^ 

Chart  of  Table  3. 
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That  the  absolute  and  percentage  output  of  sodium  chlorid  have  not 
reached  the  normal  figures  is  to  be  attributed  to  the  fact  mentioned  above, 
that  the  patient,  on  being  allowed  to  resume  a  normal  diet,  complained 
that  salt  nauseated  him  and  refused  to  eat  foods  which  tasted  at  all  sahy. 

The   A    and  the  factor  "jj^Jq"  rapidly  assumed  normal  figures  after  the 

establishment  of  the  normal  diet  and  have  remained  so  ever  since.    The 
phosphoric  add  elimination  is  now  well  within  normal  limits. 

On  the  whole,  the  examination  of  the  urine  the  day  before  the  patient 
left  the  hospital  and  three  and  one-half  months  after  shows  it  to  be  prac- 
tically normal  when  the  character  of  the  diet  is  taken  into  consideration. 


DISCUSSION. 

It  seems  evident  that  the  appearance  of  the  edema  noticed  in 
this  case  was  accompanied  by  a  diminished  elimination  of  chlorids ; 
whether  this  was  the  result  of  the  edema  or  its  cause  is  difficult  to 
prove,  especially  on  account  of  the  fact  that  it  was  impossible  to 
obtain  any  of  the  patient's  blood  for  examination  and  comparison 
with  the  urinary  findings.  In  particular  cases  of  edema  asso- 
ciated with  certain  renal  lesions  the  cause  is  ordinarily  attributed 
to  a  deficient  eliminating  power  of  the  kidney  for  chlorids.  At 
no  time  before  or  during  the  progress  of  the  disease  did  any  evi- 
dence of  renal  deficiency  exist.  Apparently,  with  an  increased 
concentration  of  the  blood  for  chlorids,  there  followed  an  aug- 
mented output  of  these  ions.  It  seems  reasonable  therefore  that 
the  discussion  of  the  renal  function  in  this  connection  may  be 
excluded. 

It  is  impossible  at  this  time  to  enter  into  a  complete  exposition 
of  the  various  theories  which  have  been  advanced  to  explain 
salt  retention  in  relation  to  hydrops.  The  subject  and  its  litera- 
ture have  been  well  covered  by  Georgopulos*  and  by  Christian.* 
The  principal  contention  rests  on  the  question  whether  the  salt 
retention  is  the  cause  or  the  result  of  the  appearance  of  the  hy- 
drops.    Strauss,*  Widal,*  Halpem^  and  Castaigne,®  among  others, 

'Georffopuloe:  Bxperiraentelle  Beitrftge  znr  Prage  Nierenwassenicht.  Ztsekr.  f.  kUn 
Mtd.^  X906.  U,  411. 

^Chnstlan,  H.  A.:  Experimental  Nephritis.  Boston  Med.  and  Snrg.  Jour.,  1908.  dviii. 
4x6.  45a. 

*  Strauas:  Therap.  d.  Gegenwart.  1903.  iv,  444;  1903,  v,  193. 

*  Widal:  La  cure  de  dechlorination,  Bull.  Mid.  dts  H6p.,  Paris.  1903.  xx.  773,  990. 

'  Halpem:  BeitrAge  zur  Prage  des  Verhaltens  der  Chlorid  im  K6rper.  ihre  Beziehung 
stir  Oedembildung  und  ihre  Bedeutung  fur  die  Diatetik  bei  Nephritis.  Beitr.  z.  wissensch. 
M9d.  n.  Oum.  (Pestschr.  f.  Salkowski),  Berlin.  1904. 

*Castaigne:  Le  rOle  du  reins  dans  la  retention  cholorur^,  Stmaitu  Mid..,  1903,  xxiii, 
309;  190s,  XXV,  47a. 
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Table  4. 


Date 

Vol. 
c.c. 

Sp.Gr. 
x.io- 

Chlorids 

P.O. 
Grams 

A 

A 
Naa 

Grams 

^\ 

i/ia 
1/13 
x/14 
i/iS 
1/16 
1/17 
1/18 
x/io 
x/ao 

665 
60s 
710 
935 
80s 
7SS 
7XS 
67s 
97S 
69s 

18 
90 
19 
16 
19 
ao 
IS 
X9 
aa 
a3 

a6 
a6 
ai 

IS 

1. 10 
0.38 
0.48 
X.30 
a. 86 
4.23 
558 
7.31 
7.60 
3.7s 

4.67 
S.S4 
S.ox 

7.76 

0.16 
0.06 
0.09 
O.X4 
0.3s 
o.s6 
0.78 
x.09 
0.78 
O.S4 

0.70 
0.84 
0.56 

0.66 

1.47 
X.64 
a. 7a 
a. 09 
x.86 
1.47 

a. 4a 
X.79 

1.65 
1.67 
9.22 

a-45 

XX3S 

0.975 
0.990 
X.080 
1.480 
I.4SO 
i.aoo 
X.400 
i.aso 

1345 

7.08 

10.80 
7.07 
3.08 
«.6s 
1.86 
x.xo 

X.80 

a. 34 
x.9a 

Salt-free  diet. 

Salt-fi«e  diet. 

Salt-free  diet. 

Normal  diet. 

Normal  diet. 

Normal  diet. 

Normal  diet  +  5  grama  NaCL 

Normal  diet  +  5  grams  Nad. 

Normal  diet  +  5  grams  Nad. 

Normal  diet  +  5  grams  NaCL 

i/a6 
x/30 

19/S  ' 

66s 
660 
890 

1170 

Normal  diet  -k-  5  grams  NaQ. 
Normal  diet  +  5  gi«xi>s  NaCL 
Normal  diet  -¥  5  grams  NaO. 

Normal  diet. 

Chart  of  Table  4. 
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believe  that  the  salt  retention  in  the  tissues  is  primary  to  the  re- 
tention of  water;  the  latter  observer  bases  his  views  on  experi- 
ments in  which  saline  was  injected  into  normal  animals  and  those 
with  experimental  nephritis.  The  urine  in  both  cases  showed  no 
difference.  But  if  sound  and  diseased  animals  were  bled  and 
saline  injected  very  soon  afterwards,  the  blood  of  the  nephritics 
contained  less  salt.  The  fact  that  in  certain  febrile  conditions 
there  exists  a  retention  of  chlorids  without  evident  renal  disturb- 
ance is 'also  cited  as  evidence  of  the  primary  nature  of  the  reten- 
tion. In  these  cases  edema  does  not  necessarily  result;  and  this 
seems  sufficient  reason  to  believe  that  the  factor  of  permeability 
of  the  epithelial  lining  of  the  capillaries  forms  a  not  unimportant 
adjunct  to  the  whole  process.  Miiller*  advances  this  view  and 
considers  that  the  hydrops  is  due  to  an  increased  permeability  of 
the  blood  vessels  due  to  certain  toxic  products  in  the  blood.  This 
conception  receives  support  from  Cohnheim  and  Lichtheim,^*  who 
showed  that  subcutaneous  edema  only  followed  saline  injection 
when  the  skin  had  been  irritated  in  any  way,  and  the  results  of 
Magnus  with  chloroform  irritation  pointed  in  the  same  direction. 
In  view  of  the  extremely  obscure  etiology  of  the  case  under 
discussion  it  would  seem  to  us  that  a  combination  of  Miiller's 
explanation  and  that  of  increased  combining  power  of  tissues  for 
chlorids  must  form  the  basis  for  any  reasonable  explanation  of 
the  condition.  Nothing  in  the  history  of  the  case  points  to  any 
anatomic  lesion  which  might  account  for  the  hydrops.  The  ap- 
pearance in  the  blood  of  toxic  products  inhaled  through  the  lungs 
as  the  result  of  continued  sojourn  in  the  vitiated  air  of  a  chemical 
laboratory  might  readily  set  up  changes  in  the  epithelial  lining  of 
the  capillaries  rendering  them  more  permeable  and  at  the  same 
time  bring  about  changes  in  the  protoplasm  of  the  cell  by  which 
the  combining  power  of  the  proteins  would  be  increased.  This 
in  turn  would  cause  an  increased  osmotic  concentration  in  the 
cells  and  as  an  attempt  to  reduce  this,  water  would  be  drawn 
from  the  blood.  This  view  would  explain,  on  the  one  hand,  the 
failure  of  digitalis  and  similar  agents  to  cause  a  diuresis,  the  dry- 
ness of  the  skin  and  inability  to  produce  sweating  in  hot  baths ; 
and,  on  the  other  hand,  the  beneficial  effects  of  artificial  Nauheim 
baths  in  stimulating  the  cutaneous  circulation  and  capillary  epi- 

•  Mailer  Morbui  BrightH.  Verhandl.  d.  deutich.  path.  Gesellsch.,  1905.  ix,  64. 
>*  Cohnheim,  J.,  and  Lichtheim.  L. :  Ueber  Hydr&mie  und  hydr&misches  Oedem.  Virdtow*s 
Arch.  f.  path.  Anat.,  1877,  Ixix.  106. 
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thdium,  and  the  effect  of  potassium  nitrate  in  starting  the  re- 
placement of  the  combined  chlorids  by  means  of  the  nitrate,  after 
which  the  reduction  in  ionic  concentration,  followed  by  means 
of  mass  action.  Bunge^^  might  be  more  prone  to  explain  this  last 
process  as  a  replacement  of  the  sodium  ion  by  potassium. 

Finally,  it  must  be  mentioned  that  Georgopulos  and  others 
present  strong  arguments  against  the  view  that  the  water  reten- 
tion is  secondary  to  the  salt  retention.  They  believe  that  the 
kidney  becomes  more  impermeable  to  water,  a  hydremic  plethora 
results  and  the  tissues  become  overladen  with  water  as  a  result. 
Georgopulos  states  with  truth  that  an  increase  in  the  salt  content 
of  the  tissues  during  the  so-called  salt  retention  has  never  been 
proved  by  experiment.  This,  however,  may  have  been  due  to- 
faulty  methods.  At  present  it  is  impossible  to  decide  these  dis- 
puted points.  Nevertheless,  we  feel  inclined  to  believe,  from  all 
the  evidence  which  we  have  been  able  to  obtain  from  the  results 
derived  from  the  study  and  treatment  of  the  case,  that  the  above 
explanation  is  possible  and  most  probable  and  that  we  are  dealing 
with  a  case  of  chlorid  retention  brought  about  by  the  action  of 
some  general  toxemia  which  occasioned  an  increased  permeability 
of  the  capillaries  to  chlorids  and  an  augmented  combining  power 
of  the  protoplasm  for  these  ions. 


OCCURRENCE  OF  SPONTANEOUS  ARTERIAL  DEGEN- 
ERATION IN  THE  RABBIT.* 

By  RICHARD  M.  PEARCE,  M.  D. 

As  one  of  the  earlier  investigators  of  lesions  of  the  vascular 
system  occurring  in  the  rabbit  after  intravenous  injections  of 
adrenalin^  I  have  been  interested  in  the  observation  of  Drs.  Miles 
and  Johnstone'*  concerning  the  frequent  occurrence  of  spontane- 
ous arterial  lesions.  These  investigators  suggest  that  the  vascu- 
lar lesions,  ascribed  by  many  observers  to  the  injection  of  ad- 
renalin, are  in  reality  of  spontaneous  origin.  In  support  of  this 
view  they  present  the  results  of  the  examination  of  a  large  num- 

"  Bunge:    Lehrbuch  der  physiologischen  Chemie,  Leipsic,  1900. 

♦  Work  done  under  a  grant  from  the  Rockefeller  Institute  for  Medical  Research.     Pub- 
lished also  in  Jour.  Am.  Med.  Assoc.,  1908,  li,  1056. 

*  Jour.  Exper.  Med..  1906,  viii,  74.  400;  Am.  Jour.  Med.  Sciences,  1906,  cxxxii.  737. 
'  The  Journal  A,  M.  A.,  Oct.  5.  1907. 
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ber  of  normal  rabbits  in  which  lesions  similar  to  those  produced 
by  adrenalin  occurred  with  equal  or  greater  frequency. 

The  inevitable  conclusion  is  either  that  the  spontaneous  lesions 
are  common  and  that  the  individuals  working  with  adrenalin  have 
been  careless  about  their  controls,  or  that  rabbits  of  certain  locali- 
ties, or  those  raised  or  kept  under  certain  conditions,  are  pecu- 
liarly prone  to  spontaneous  lesions.  The  first  of  these  conclusions 
has  been  met  by  Dr.  Joseph  L.  Miller,'  who  points  out  that  in 
Jores  exhaustive  review  of  the  many  attempts,  often  on  a  large 
scale,  to  produce  arteriosclerosis  experimentally  there  is  no  men- 
tion of  successful  results.  These  experiments  included  the  use 
of  a  variety  of  substances  and  in  by  far  the  larger  number  the 
rabbit  was  used.  Furthermore,  during  the  past  few  years  many 
attempts  have  been  made  to  produce  arterial  lesions  by  subcutane- 
ous and  intraperitoneal  injections  of  adrenalin  as  controls  of  the 
intravenous  administration ;  a  procedure  necessitating  a  very  care- 
ful comparative  study  of  the  rabbit's  vascular  system. 

The  only  spontaneous  lesions,  according  to  Miller,  which  were 
described  previous  to  the  work  of  Miles  and  Johnstone  were  the 
slight  changes  described  by  Fisher  in  poorly  nourished  animals, 
a  single  instance  reported  by  Ophiils  and  possibly  the  atheroma, 
in  two  rabbits,  ascribed  by  Croftan  to  injections  of  hypoxanthin. 
Miller,  moreover,  points  out  that  in  Loeb's  series  of  lOO  normal 
rabbits  and  Meronescu's  of  300,  no  lesions  were  found  and  also 
that  the  subcutaneous  adrenalin  injection  experiments  of  Miles 
and  Johnstone  are  of  no  value.  The  weight  of  evidence,  there- 
fore, does  not  support  the  suggestion  that  spontaneous  lesions 
are  general  but  have  been  overlooked  by  the  neglect  of  control 
observations. 

In  this  respect,  however,  I  must  admit  my  negligence  in  not 
reporting  control  observations  in  my  earlier  communication.  Con- 
trol observations  were  made  on  a  small  number  of  animals  with 
entirely  negative  results,  but  on  account  of  the  small  number  were 
not  published.  During  the  past  winter,  in  order  to  determine  the 
incidence  of  spontaneous  lesions  in  the  rabbits  supplied  to  the 
Bender  Laboratory,  I  have  examined  sixty-two  animals.  Except 
for  six  pairs  obtained  from  dealers  in  Pittsfield  and  Brookline, 
Mass.,  these  animals  were  procured  in  the  neighborhood  of  Al- 
bany, usually  in  small  lots  of  one,  two  or  three  pairs,  and  in  large 

■  Thg  Journal  A.  M.  A.,  1907,  xUx.  17S9. 
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part  were  animals  which  had  been  caught  in  the  fall  and  domesti- 
cated but  a  short  time.  Of  these,  fifty-one  may  be  considered 
presumably  normal  animals  in  that  they  had  not  been  used .  pre- 
viously for  experiment  of  any  kind,  or  were  used  only  on  the  day 
of  killing  for  blood  pressure  experiments  or  to  obtain  blood  or 
fresh  organs.  They  also  represent  animals  which,  in  that  they 
were  used  shortly  after  purchase,  did  not  pass  through  a  long 
laboratory  life.  They  may  be  grouped  roughly  according  to  size 
into  three  groups  of  about  equal  number  as  large,  small,  and  medi- 
um size.  Vascular  lesions  were  found  in  but  three;  these  con- 
sisted, in  each,  of  a  few  minute  patches  at  the  beginning  of  the 
aorta.    All  were  large  animals  and  presumably  full  grown. 

Of  the  remaining  eleven  animals,  one  suffered  from  an  abscess 
of  the  hip ;  three  had  received  repeated  injections  of  dog's  serum ; 
one,  nephrotoxic  serum ;  one,  hiunan  blood ;  one,  typhoid  bacillus 
and  three,  chrome  salts.  These  were  all  in  the  laboratory  for 
several  weeks  or  months.  In  this  group  lesions  of  the  aorta  oc- 
curred in  four;  in  the  animals  receiving,  respectively,  injections 
of  typhoid  bacillus,  dog  serum,  nephrotoxic  serum  and  human 
blood.  In  two  of  these  the  lesions  were  diffuse  involving  irregu- 
larly the  entire  aorta  and  comparable  to  those  produced  by  ad- 
renalin. In  the  other  pair  a  few  small  areas  were  present  at  the 
beginning  of  the  aorta  only. 

This  control  study  shows  that  spontaneous  lesions  were  found  in 
three  of  fifty-one  presumably  normal  rabbits  or  in  practically  six 
-ptr  cent.,  or,  if  the  animals  used  for  various  experimental  purposes 
are  included,  in  seven  of  sixty-two  animals  or  eleven  per  cent. 
This  last  view,  however,  is  hardly  fair,  for  as  the  lesions  were  pres- 
ent in  four  animals  of  the  second  group,  or  in  thirty-six  per  cent, 
it  cannot  be  denied  that  tlie  experimental  procedure  may  possibly 
have  had  some  share  in  their  production.  Certainly  the  influence 
of  typhoid  toxin  and  alien  sera  can  not  be  entirely  set  aside  in 
view  of  our  knowledge  of  the  very  general  degenerative  changes 
which  these  substances  cause. 

In  this  connection  it  may  be  mentioned  that  Israel*  in  his  study 
of  the  relation  of  heart  hypertrophy  to  experimental  nephritis  has 
described  and  pictured  a  very  diffuse  lesion  of  the  aorta  in  a 
rabbit  receiving  injections  of  alcohol  directly  into  the  kidney. 
This  observation  has  been  quite  generally  ignored  in  the  recent 

*  Virchow's  Archiv.,  1881,  Ixxxvi.  999. 
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literature  of  experimental  arteriosclerosis;  but  Israel's  illustra- 
tion plainly  pictures  a  lesion  of  the  aorta  not  to  be  distinguished 
from  that  caused  by  adrenalin. 

It  would  appear,  therefore,  that  while  spontaneous  arterial  de- 
generation may  occur  in  the  rabbit,  it  is  not  as  constant  a  condi- 
tion in  all  localities  as  the  investigations  of  Miles  and  Johnstone 
indicate.  Moreover,  the  figures  here  presented  offer  a  satisfac- 
tory control  of  my  earlier  report  on  the  general  subject  of  experi- 
mental arteriosclerosis  due  to  adrenalin  and  the  later  report  in . 
which  I  conclude  that  single  doses  of  adrenalin  may  cause  arterial 
lesions,  a  conclusion  which  might  appear  doubtful  if  viewed  only 
in  the  light  of  the  experiments  of  Miles  and  Johnstone. 

In  my  opinion  the  occurrence  of  spontaneous  lesions  in  the 
rabbit  does  not  diminish  the  importance  of  the  lesions  due  to  ad- 
renalin, but  on  the  contrary,  increases  their  importance,  as  an 
example  of  a  lesion  occasionally  occurring  naturally,  but  which 
may  readily  be  produced  experimentally.  The  rabbit  thus  be- 
comes a  peculiarly  valuable  animal  for  the  study  of  vascular 
lesions,  for  the  interest  of  the  adrenalin  lesion  lies  not  so  much  in 
its  arteriosclerosis-like  nature  as  in  the  opportunity  offered  for 
the  study  of  degenerative  and  reparative  lesions  of  arteries. 

The  possibility  of  a  variety  of  factors  operating  to  cause  vascu- 
lar injury  is  suggested  by  the  four  positive  findings  in  the  second 
group  of  eleven  rabbits.  The  contrast  with  the  first  group  is  very 
striking  and  would  indicate  that  a  study  of  the  arterial  system  of  a 
large  number  of  rabbits,  kept  under  a  variety  of  conditions,  and 
subjected  to  various  experimental  procedures,  would  yield  results 
of  great  value  concerning  chronic  vascular  lesions. 

Finally  it  may  be  stated  that  the  demonstration  of  these  spon- 
taneous lesions  in  no  way  vitiates  the  importance  of  the  experi- 
mental lesions  but  does  demand  a  very  careful  control  study  of 
the  rabbits  in  each  locality  in  which  experiments  are  made. 
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THE  EFFECT  OF  CONDITIONS  UPON  THE  LATENT 

PERIOD  AND  RATE  OF  ASEPTIC  POST-MORTEM 

AUTOLYSIS  DURING  THE  FIRST  TEN  HOURS.^ 

By  holmes  C  JACKSON. 

AdjMnci  Professor  of  Physiological  Chomistry,  Albany  Medical  Collogs. 

The  experiments  about  to  be  described  had  for  their  purpose 
an  attempt  to  determine  the  character  of  the  initial  physical  or 
chemical  changes  which  occur  in  an  organ  as  the  result  of  its 
becoming  disconnected  from  the  blood  supply,  and  are  respon- 
sible for  the  setting  up  anew  or  the  gaining  ascendancy  of  those 
cataljrtic  processes  commonly  known  as  autolysis.  It  seemed 
that  information  gained  in  this  direction  would  be  of  especial 
value  in  a  discussion  of  the  question  as  to  whether  autolytic 
processes  present  but  a  survival  of  the  same  or  similar  processes 
occurring  in  the  living  cell  or  whether  they  represent  reactions 
set  up  de  novo  as  the  result  of  incipient  somatic  death. 

The  point  of  attack  in  such  a  problem  must  fall  upon  the 
initial  or  early  hours  of  the  autolytic  process.  On  this  account, 
one  may  n^lect  in  the  discussion  the  almost  numberless  investi- 
gations dealing  with  autoljrtic  processes  in  general  and  the  effect 
upon  them  of  changes  in  condition  such  as  reaction,  etc,  and 
confine  oneself  to  the  experiments  in  which  the  autolysis  was 
studied  with  especial  reference  to  the  first  six  to  eight  hours 
after  shutting  off  the  circulation  from  the  organ  cither  by  removal 
from  the  body  or  otherwise. 

But  few  investigators  have  busied  themselves  directly  with 
this  line  of  work.  Of  first  importance  must  be  considered  the 
work  of  Lane-Claypon  and  Schryver  (i)  which  indicates  that 
the  course  of  autolysis  in  the  first  twenty-four  hours  may  be 
divided  into  three  stages;  (a)  a  latent  period  of  from  two  to 
four  hours,  (6)  a  period  of  rapid  autolysis  and  (c)  a  period  of 
gradual  autolysis. 

Of  perhaps  chief  interest  in  this  connection  is  the  latent  period 
of  two  to  four  hours  existing  between  the  removal  of  the  tissue 
from  the  body  and  the  commencement  of  autoljrsis.    If  such  a 

>  Conducted  under  a  gnat  from  the  Rockefeller  Institute  for  Medical  Research.  Read 
by  title  before  the  American  Society  of  Biological  Chemists.  Chicago,  HI..  January  s.  1908. 
Abstract  appeared  in  the  Journal  of  Biological  Chemistry,  1908,  4.  Nos.  4  and  5.  p.  xzxvii 
Received  for  publication  October  xa,  1908. 
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latency  in  autolysis  does  exist  and  is  not  the  result  of  some  con- 
dition of  the  experiment,  then  it  becomes  natural  to  conclude 
that  this  latent  period  represents  the  time  during  which  the 
•condition  of  the  cell  is  being  so  changed  by  the  lack  of  circulating 
blood  and  perhaps  other  causes  that  new  or  more  rapid  catalytic 
reactions  may  take  place  and  set  up  a  disint^^tion  more  pro- 
nounced than  occurs  during  cellular  life.  Such  reactions  may  be 
originated  in  various  ways.  Lane-Claypon  and  Schryver  found 
that  the  state  of  nutrition  markedly  influenced  the  course  of  the 
autolysis  in  that  the  latent  period  was  absent  in  the  livers  of 
fasting  animals  and  that  these  tissues  underwent  more  rapid 
•decomposition  than  was  the  case  in  the  well-fed  animal.  This 
is  explained  with  the  assumption  that  since  it  is  probable  that 
enzjrmes  are  liberated  in  the  process  of  autolysis,  the  fasting 
liver  contains  more  enzymes  free  to  act  (uncombined)  or  in  the 
form  of  corresponding  zymogen.  The  latent  period  is  taken 
as  indicating  that  in  the  well-fed  animal  a  preponderance  of  the 
enzymes  are  in  the  form  of  zymogens  and  that  the  first  stage 
in  autolysis  consists  in  the  transformation  of  zjrmogen  into  active 
zyrmtL  The  presence  of  free  enzymes  in  fasting  animals  indi- 
cates to  these  authors  the  probability  that  the  liberation  of  these 
enzymes  acts  as  a  normal  mechanism  for  the  intravitam  utiliza- 
tion of  proteins  in  tissues — ^the  suppl)ang  of  food  when  none  is 
taken  in  per  os. 

In  a  subsequent  paper  (2)  Schryver  has  somewhat  altered  his 
theory  of  enzyme  liberation  as  a  cause  of  the  latent  period  in  or- 
der to  correspond  to  criticisms  of  Wiener  (3),  who  claimed  that 
the  latent  period  was  merely  due  to  the  natural  inhibitory  effect 
of  the  alkaline  reaction  of  the  living  tissues  and  that  the  latency 
ended  with  the  sufficient  neutralization  of  the  alkalies  by  means 
of  the  acids  formed  in  autolysis.  This,  of  course,  is  reasoning 
in  a  circle  since  it  does  not  explain  what  originates  or  accelerates 
the  process  by  which  the  acids  are  formed  for  neutralization 
purposes. 

Schryver  has  advanced  a  somewhat  complicated  theory  for 
the  preservation  of  chemical  equilibrium  in  the  living  cell.  The 
equilibrium  of  enz3mies  is  established  by  the  presence  of  an 
excess  of  ammonia  which  prohibits  the  formation  of  an  acid 
reaction,  necessary  for  autolysis.  During  starvation,  the  excess 
of  ammonia  gradually  disappears  and  when  the  production  of 
acid  is  sufficient  to  supersaturate  the  alkalinity,  the  autolytic 
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enz)Tiies  liberate  aminoacids ;  these  in  turn  are  transformed  in 
the  liver  with  the  production  of  ammonia  which  again  inhibits  the 
autolytic  processes.  The  non-nitrogenous  moiety  of  the  autol)rtic 
products  serves  as  food  for  the  fasting  cells. 

It  can  hardly  be  conceived  that  the  author  believes  that  free 
ammonia  is  present  in  the  cell  at  any  time,  although  this  is  neces- 
sary to  the  theory.  In  view  of  the  neutrality  of  protoplasm  and 
the  extreme  variations  which  may  occur  in  the  production  of 
acid  and  of  alkali  without  change  in  this  neutrality  as  shown 
by  Henderson  and  Black  (4),  Schryver's  position  seems  im- 
tenable. 

On  account  of  the  many  possible  explanations  for  the  latent 
period  and  its  importance  in  deciding  the  cause  of  autolysis,  it 
seemed  of  sufficient  interest  to  examine  this  subject  somewhat 
more  closely  and  to  attempt  if  possible  to  shorten  or  prolong 
the  period  by  altering  the  conditions  of  the  experiment. 

In  order  to  obtain  an  insight  into  the  character  and  velocity 
of  the  reactions  taking  place  in  the  liver  after  its  removal  from 
the  body,  three  factors  were  determined  during  the  autolyses. 

1.  The  changes  in  the  depression  of  the  freezing  point  This 
method  has  been  employed  by  several  authors  and  more  recently 
by  Fredericqs  (5),  Delrez  (6)  and  by  Wells  and  Benson  (7). 
The  first  of  these  investigators  employed  a  somewhat  complicated 
procedure  in  the  preparation  of  the  tissue  for  examination.  The 
methods  seem  faulty  and  have  been  criticized  by  Wells.  The 
latter  two  authors  have  determined  coincidently  the  changes  in 
the  electrical  conductivity  and  depression  of  the  freezing  point 
during  autolysis.  Both  authors  report  that  in  general  these  fac- 
tors parallel  each  other  closely.  In  this  work  therefore  the  deter- 
mination of  the  electrical  conductivity  has  for  various  reasons 
been  neglected. 

2.  The  increase  or  decrease  in  noncoagulable  nitrogen. 

3.  Changes  in  reaction  were  examined  by  means  of  phenolph- 
thalein  and  dimethylaminoazobenzene.  Body  fluids  react  acid 
to  the  former  and  alkaline  to  the  latter ;  phenolphthalein  is  par- 
ticularly sensitive  to  changes  in  the  hydrogen  ionic  content  while 
dimethylaminoazobenzene  only  indicates  an  H+  concentration 
about  equal  to  that  of  an  0.8  per  cent,  lactic  acid  solution.  In 
this  way  it  seemed  possible  to  determine  the  character  of  the  sub- 
stances causing  the  change  in  reaction,  if  such  occurred. 
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The  general  method  of  experimentation  was  as  follows:  The 
liver  tissue  was  removed  aseptically,^  passed  through  a  sterile 
hashing  machine  into  a  sterile  Erlenmeyer  flask  of  500  cubic 
centimeters  capacity  provided  with  a  cotton  plug.  The  fla-sk 
containing  300  cubic  centimeters  of  the  salt  solution  (cold  or  at 
38°  C.)  in  which  the  autolysis  was  to  proceed  was  counterpoised 
on  scales  and  lOO  grams  of  the  ground  tissue  were  weighed  out 
by  allowing  the  material  to  drop  from  the  machine  directly  into 
the  flask.  During  the  process  the  whole  apparatus  was  covered 
with  a  sterile  cloth  to  exclude  air  contamination.  The  mixture 
being  thoroughly  shaken  a  control  sample  of  50  cubic  centimeters 
was  removed  with  bacteriological  technique  into  a  smaller 
stoppered  flask.  This  was  brought  to  the  boiling  point  without 
change  in  reaction,  allowed  to  cool,  thoroughly  mixed,  and 
filtered. 

This  coagulum-filtrate  was  immediately  put  through  the  routine 
examination  for  determination  of  the  depression  of  the  freezing 
point  by  means  of  Beckmann's  apparatus,'  determination  of  the 
noncoagulable  nitrogen  by  the  Kjeldahl  method  and  titration  of 
the  respective  acidity  by  means  of  phenolphthalein  and  alka- 
linity to  dimethylaminoazobenzene.  For  each  of  these  determi- 
nations ten  cubic  centimeters  of  the  filtrate  were  employed  and 
all  were  conducted  in  duplicate. 

After  the  removal  of  the  control  sample  the  flask  was  placed 
in  the  thermostat  at  38®  C;  when  the  liver  was  not  irrigated 
this  occurred  about  twenty  minutes  after  the  death  of  the  ani- 
mal ;  the  washing  of  the  organ  occupied  ten  minutes  longer  time. 
At  definite  times  as  indicated  by  the  protocols,  samples  of  50 
cubic  centimeters  were  removed  with  bacteriological  technique, 
the  sample  coagulated  as  above  and  the  main  flask  returned  Jo 
the  incubator.  At  each  time  when  a  sample  was  withdrawn,  a 
drop  of  the  autolytic  mixture  was  allowed  to  fall  upon  a  sterile 
agar  slant  and  at  the  end  of  the  experiment  these  were  incubated 
at  38^  C.  for  from  twenty-four  to  forty-eight  hours.  In  prac- 
tically all  cases  where  the  experiments  ran  for  only  six  to  eight 
hours,  the  agar  slants  when  examined  by  a  stained  smear  gaye 
negative  results — indicating  a  practical  absence  of  organisms  or, 


*  The  Tisual  surgical  operative  technique  was  employed. 

•  Several  control  examinations  were  made  as  to  the  depression  of  the  freezing  point  of  the 
coa^ated  and  uncoagulated  samples.  The  two  gave  results  which  were  almost  identical 
or  within  the  limit  of  accuracy  of  the  work. 
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at  least,  that  they  were  in  such  small  numbers  that  a  drop  of 
the  mixture  taken  at  random  failed  to  include  one  of  them. 
All  experiments  in  which  the  slant  or  smear  indicated  organisms, 
have  been  excluded.  In  the  experiments  where  the  period  was 
extended,  it  was  noticed  that  at  times  at  the  twelfth  hour  there 
was  evidence  of  the  presence  in  small  numbers  of  certain  orga- 
nisms. In  some  instances  the  tests  would  remain  n^;ativc  even 
at  twenty-four  hours;  in  others  the  hay  bacillus  or  another 
bacillus  which  will  be  discussed  in  a  short  note  by  Jackson  and 
Hawn,  made  its  appearance  between  twelve  and  twenty-four  houn^ 
in  quantities  sufficient  to  give  decidedly  sour  nonputrefactive 
odor  to  the  autolytic  mixture.  In  this  connection  must  be  men- 
tioned the  work  of  Magnus-Levy  (8)  who  showed  that  adds 
of  fatty  nature  as  well  as  methane  and  hydrogen  sulphide  are 
produced  during  the  first  twenty-four  hours  of  aseptic  liver  auto- 
lysis. His  results  as  regards  acidity  are  confirmed  in  the  work 
presented  here.  This  author  also  experienced  the  same  diffi- 
culty in  obtaining  sterile  organs  that  was  met  with  in  this  work. 
Experiments  in  which  infection  has  occurred  have  either  been 
omitted  or  a  note  of  the  infection  made  in  the  protocol.  In  some 
other  experiments  a  decided  putrefactive  odor  appearing  between 
six  and  eight  hours  indicated  contamination  of  some  sort;  no 
account  has  been  taken  of  these. 

Note  must  also  be  made  of  the  fact  mentioned  by  Schryver  (9) 
and  others  that  very  frequently  the  glycogen  when  present  in  the 
liver  of  the  dog  disappeared  very  slowly  during  the  autolysis.  In 
certain  experiments  it  was  still  present  at  the  end  of  six  hours  of 
incubation ;  at  times,  however  it  would  disappear  earlier,  but  no 
instance  can  be  found  in  the  notes  where  the  first  or  third  horn- 
sample  was  negative  when  the  control  indicated  the  presence  of 
glycogen.  Schryver  states  that  in  fasting  dogs  the  glycogen  dis- 
appears very  quickly,  while  it  remains  for  twenty-four  hours  in 
the  livers  of  well-fed  animals.  It  is  hard  to  explain  why  livers  of 
animals  which  have  fasted  for  several  days  should  contain  glyco- 
gen at  all,  since  it  is  ordinarily  believed  that  in  starvation  it  dis- 
appears quite  quickly.  In  only  some  of  the  fasting  animals  in  the 
experiments  of  this  paper  did  glycogen  appear  in  the  liver ;  it  is 
therefore  manifestly  impossible  to  make  comparison  with  Schry- 
ver's  results.  The  variations  in  appearance  of  glycogen  and  the 
rapidity  of  its  disappearance  noticed  in  the  well-fed  animals 
renders  Schryver's  distinction  improbable  however.    The  probable 
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relationship  of  the  slow  disappearance  of  glycogen  from  the  liver 
post-mortem  and  of  its  presence  or  absence  to  the  autolytic  proc- 
esses going  on,  is  discussed  elsewhere  in  this  paper. 

Again  in  certain  autolyses  the  mixture  after  the  second  or 
fourth  hours  began  to  take  on  a  greenish  nuance  which  developed 
quite  rapidly  in  intensity  until  at  the  sixth  hour,  the  color  became 
dark  green,  almost  black.  This  was  noticed,  of  course,  in  a  com- 
parison of  the  coagulum-filtrates  at  the  end  of  the  experiments 
and  seemed  most  prone  to  occur  in  those  cases  where  the  liver  con- 
tained glycogen;  the  phenomenon  remained  present  throughout 
the  autolysis.  Without  doubt  this  peculiar  condition  was  the  re- 
sult of  the  presence  of  oxidizing  enzymes  similar  to  tyrosinase 
and  to  those  which  noticed  in  plants  by  Palladin  ( lo)  and  others, 
transform  colorless  into  dark  colored  compounds,  pigments  or 
melanines. 

As  evidence  of  the  accuracy  of  the  experiments  and  the  limits 
of  error  which  the  technique  involved,  reference  must  be  made  to 
the  protocols  of  two  experiments  No.  25A,  B  and  C  and  26A,  B 
and  C*  In  these  cases  three  controls  were  simultaneously  started 
the  only  diflFerence  being  that  two  of  them  in  each  experiment  were 
kept  in  the  dark.  Since  this  condition  did  not  seem  to  effect  the 
autolyses,  the  results  serve  as  admirable  controls  of  the  method. 

The  experimental  evidence  obtained  as  the  result  of  this  work 
will  be  taken  up  as  f olbws : 

1.  EflFect  on  latent  period  of  (a)  condition  of  animal,  (b)  pres- 
ence or  absence  of  blood,  (c)  temperature  of  diluent  salt  solution. 

2.  Effect  of  conditions  upon  the  commencement  and  rate  of  the 
autolysis,  (a)  nutritional  state  of  the  cell,  (b)  light,  (c)  anti- 
septics, (d)  reaction,  (e)  salt  concentration. 

LATENT  PERIOD. 

Effect  of  Nutrition. — Schryver's  experiments  indicated  that  the 
best  conditions  for  obtaining  a  latent  period  were  present  in  the 
livers  of  well-fed  animals.  Hence  Series  I  (four  experiments) 
was  carried  out  after  the  general  method  indicated  previously  in 
the  paper.  The  animals  were  well-fed  for  several  days  previous 
to  death;  the  livers  were  taken  out  without  irrigation  and  cold 
physiological  salt  solution  (  A=o.568)  added  in  appropriate 
amount.    The  whole  mixture  of  tissue  and  salt  solution  was  then 

«  See  Tablet  H.  Ill  and  IV. 
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placed  in  the  thermostat  at  38°  C.    All  experiments  (5a,  5b,  6. 
10)  showed  (Table  I)  that  the  depression  of  the  freezing  point 


Table  !.• 

Series  I 


Liver 

Unwashed: 

Cold 

Saline 

Solution 

Control 

X  Hours 

3  Hours 

3  Hours 

4  Hours 

5  Hours 

6  Hours 

7H0UXS 

Exp.  sa 
WeU-fed 

Exp.  5b 
WeU-fed 

Exp.  6 
WeU-fed 

Exp.  xo 
WeU-fed 

0.670^ 

6.30 

O.S5      „ 
0.8s 

0.670 

0.30 

x.oo 

0.665 

7.00 

0.50 

x.ao 

0.675 

7.45 
0.75 

1.35 

0.655 

0.60 

x.oo 

0.40 
1.05 

0.650 

6.X5 

0.50 

x.xo 

0.665 
^    5.35 

0.65 

x.xs 

0.665 

5.65 

0.40 

x.oo 

0.660 
5.90 

0.50 

x.xs 

0.660 

6.85 
0.90 

1.40 

0.680 

5.05 

0.70 

x.30 

0.665 

5.75 
0.35 

0.9s 

6.60 

0.60 

0.9s 

0.660 

7.35 

i.os 

I.2S 

0.690 

5.35 

0.75 

X.4S 

0.685 

5.55 

0.5S 

x.oo 

0.665 

7A> 

0.6s 

0.90 

0.675    ^ 
7.60 

x.os 

I.3S 

0.715 

0.85 

1.6s 

0.685 
^5.55 

0.60 

x.oo 

0.665^ 

8.00 

0.80 
0.95 

0.685 
7.85 

1. 10 
1.30 

x.8s 

a.ao 

0.605    , 
^    5.65 

0.65 

0.95 

0.675^ 
8.30 

0.8s 

0.9s 

0.730 

7.60 
1.30 

I.5S 

0.7x0 

S.85 

0.70 
.      0.95 

0.690 

0.90 

x.oo 

0.735 

7.70 
1.35 

x.40 

Series  II 


Exp.  X4 
Not  fed 

Exp.  a  a 

Not  fed 

Exp.  a8A 
Not  fed 

Exp.  X9 
WeU-fed 


0.600 


0.75 


7.35 


0.595 


x.35 


0.660 


6.95 


0.335 


0.40 


5.80 


1.3s 
0.670 
not  done 


7.45 


0.605 


0.685 


0.50 


7.30 


0.7x0 


0.335 


0.5s 


4.65 


x.xs 


0.7x0 


6.00 


7.70 


0.6x5 


i.aS 


7.X0 


0.700 


0.340 


0.4s 


4.55 


x.as 


0.730 


5.75 


7.75 


0.6x5 


x.35 


0.70 


6.90 


0.90 


0.390 


0.60 


4.35 


0.735 


5.75 


0.95 


7.85 
x.30 

7.30 


0.630 


0.7x0 


x.os 


0.330 


0.8s 


4.45 


0.735. 


6.00 


x.30 


7.90 


0.645. 


t'5S 


7.30 


0.7x5 


0.340 

4 
1.05 


0.755. 


6.30 


X.3S 


8.45 


7.10 


0.345 


1.3s 


4.55 


0.790 


7.50 


remained  practically  the  same  as  the  control  with  a  slight  tendency 
perhaps  to  decrease  until  the  third  or  the  fourth  hour  after  which 
a  more  or  less  marked  increase  occurred  to  the  end  of  the  experi- 
ment. The  figures  for  the  non-coagulable  nitrogen  although 
somewhat  fragmentary  indicate  also  a  positive  decrease  from  the 
control  occurring  during  the  first  three  or  four  hours.       The 

•The  upper  left-hand  figures  represent  degrees  of  depression  of  the  freesing-point;  the 
upper-right  hand  figures,  non-coagiilable  nitrogen  expressed  as  cubic  centimeters  of  N/xo 
cund;  the  lower  left-hand  figures,  acidity  to  phenolphthalein  in  terms  of  cubic  centimeters 
of  N/io  acid;  lower  right-hand  figtires,  alkalinity  to  dimethylaminoasobenzene  in  terms  of 
cubic  centimeters  of  ^/xo  alkali. 
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figures  for  the  fifth  and  sixth  hours  rising  above  the  control  are 
indicative  of  the  commencement  of  nitrogenous  autolysis.  The 
acidity  to  phenolphthalein  increased  without  much  evidence  of 
latency  except  in  Experiment  6  while  the  figures  for  the  alkalinity 
to  dimethylaminoazobenzene  vary — two  experiments  showing  no 
change,  one  an  increase  and  one  a  decrease.  The  figures  con- 
sidered as  a  whole  would  certainly  convey  the  impression  that 
autolytic  changes  of  the  usual  type  had  not  begun  to  show  them- 
selves until  between  the  third  and  fourth  hour  after  removal  of 
the  tissue  from  the  animal's  circulation. 

In  the  endeavor  to  control  the  statement  of  Schryver  that  the 
fasting  livers  did  not  show  this  latent  period,  Series  II  of  three 
experiments  (14,  22,  28A)  were  conducted  in  a  manner  similar  in 
all  details  to  Series  I  except  that  the  animals  were  fasted  for  a 
few  days  previous  to  use.  The  livers  were  free  from  glycogen 
with  the  exception  of  that  used  in  Experiment  28A. 

In  the  protocol  (Table  I)  the  results  for  the  depression  of  the 
freezing-point  show  that  in  two  experiments  a  latent  period  of 
two  hours  existed  while  in  the  third  (Experiment  22)  autolysis 
began  immediately.  The  figures  for  non-coagulable  nitrogen  in 
Experiments  22  and  28A  however,  point  strongly  to  an  inhibition 
of  autolysis  which  lasted  for  five  hours.  In  Experiment  28A  the 
animal  had  not  received  food  for  three  days  previously ;  the  liver 
contained  glycogen  which  however  gradually  disappeared  until  no 
evidence  of  it  could  be  obtained  at  the  fourth  hour,  at  which  time 
It  will  be  noticed  that  the  marked  depression  of  the  freezing-point 
stopped.  The  non-coagulable  nitrogen  of  the  successive  samples 
showed  a  marked  diminution  over  the  control  with  no  evidence  of 
an  increase — rather  a  decrease — to  the  end  of  the  experiment. 
This  peculiar  relation  of  glycogen  disappearance  to  changes  in  the 
depression  of  the  freezing-point  and  non-coagulable  nitrogen  will 
be  taken  up  later  in  the  paper.  Finally  one  experiment  ( 19)  with 
a  well-fed  animal  similar  to  those  of  Series  I  gave  no  latent  period 
as  indicated  by  the  depression  of  the  freezing-point  but  the  non- 
coagulable  nitrogen  figures  showed  an  inhibition  of  autolysis  last- 
ing until  the  fourth  hour.  In  all  of  the  experiments  in  Series  II 
the  acidity  figures  with  phenolphthalein  showed  a  consistent  in- 
crease from  the  very  beginning  of  the  experiment,  while  the  alka- 
linity to  dimethylaminoazobenzene  remained  constant  to  the  end. 

Although  Series  I  with  well-fed  animals  resulted  as  expected 
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according  to  Schryver,  Series  II  with  three  fasting  animals  and 
one  well-fed  animal  was  unsatisfactory. 

Turning  about  to  find  a  cause  for  these  varying  results  and  at 
the  same  time  attempting  to  obtain  some  condition  which  might 
influence  the  latency  of  the  autolysis,  it  seemed  plausible  to  try  the 
effect  of  two  factors ;  first,  the  absence  of  blood ;  and  second  the 
use  of  zvarm  (38°  C.)  saline  at  the  outset  of  the  experiment. 

Effect  of  Blood. — ^The  elucidation  of  the  question  as  to  the 
effect  of  blood  upon  the  latent  period  would  bear  directly  upon 
the  criticism  of  Schryver  by  Wiener  mentioned  above,  as  well  as 
serve  to  accentuate  the  fact  of  the  well-known  inhibitory  effect  of 
blood  upon  the  rapidity  of  autolysis  noticed  so  frequently*  although 
its  cause  is  so  poorly  understood  (11).  The  washing  of  the  alka- 
line blood  from  the  liver  would  tend  certainly  to  remove  a  certain 
amount  of  bases  from  the  organ  together  with  other  salts  lost  by 
diffusion  during  irrigation  with  the  salt  solution.  Consequently 
two  experiments  (Series  III)  were  conducted  in  which  the  livers 
were  thoroughly  irrigated  through  the  portal  vein  with  cold  saline 
solution  and  diluted  with  cold  saline  solution ;  one  animal  was  fast- 
ing (20)  and  the  other  well-fed  (17).  From  the  figures  (Table 
II)  for  the  depression  of  the  freezing-point  no  latency  of  autolysis 
occurred  and  the  increase  is  pronounced  to  the  end  of  the  experi- 
ment. The  same  is  true  for  the  non-coagulable  nitrogen  except 
that  a  slight  indication  of  possible  latency  showed  itself  in  the  well- 
fed  animal.  The  acidity  to  phenolphthalein  increased  and  the 
alkalinity  to  dimethylaminoazobenzene  remained  constant  as  usual. 

These  two  preliminary  experiments  seemed  sufficient  to  make 
it  evident  that  the  presence  of  blood  formed  one  of  the  inhibitory 
factors  in  the  latency.  This  fact  is  of  course  not  new  except  as  it 
applies  to  the  latent  period  and  was  to  be  expected  since,  as  was 
stated  above,  the  inhibitory  effect  of  alkalies  upon  autolysis  and 
their  supposed  action  in  prohibiting  autolysis  in  vivo  might  be 
considered  as  persisting  some  time  after  removal  of  the  organ 
after  death. 

Effect  of  Temperature  of  Salt  Diluent, — The  next  series  (IV) 
was  planned  to  determine  the  effect  of  keeping  the  organ  at  body 
temperature  during  removal  and  subsequent  autolysis.  The  wash- 
ing was  therefore  accomplished  with  warm  saline  and  warm  saline 
added  as  diluent.    The  only  time  during  which  a  lowering  of  tem- 

•  Schryver  (p.  i8o),  in  one  experiment,  found  no  diflference  in  the  rate  of  autolysis  between 
the  perftased  oi:gan  and  one  containing  blood. 
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Table  II.' 

Series  III 


Liver  Washed; 
Cold  Saline 

Control 

X  Hoxir 

a  Hours 

3  Hours 

4  Hours 

S  Hours 

6HotirB 

Bxp.  ao 
Not  fed 

Bxp.  X7 
Wen-fed 

0.555 
5.40 

0.3s 

0.70 

0.565 

5.05 

0.50 

x.oo 

0.570 

5.90 
0.40 

0.65 

0.585 

0.60 

0.90 

0.590   ^ 
5.80 

0.70 

0.70 

0.600 

5.15 

0.70 

0.9S 

0.595^ 
6.X0 

0.7s      ^ 
0.80 

0.630 

5.50 

0.80 

0.9S 

0.600 

0.80 

0.8s 

0.640 
«    5.65 

0.8s 

x.ao 

0.6x0 

6.40 

0.9s      ^ 
0.80 

0.650 

5A> 

x.oo 

1. 15 

0.625 

6.60 
1.05 

0.90 

0.710 

6.3P 
x.io 

i.eS 

Series  IV. 


Liver  Washed 

and  Diluted 

■with  Warm 

Saline 


Exp.  9 
WeU-fed 

Bxp.  II 
WeU-fed 

Exp.  15 
WeU-fed 

Bxp.  x8 
WeU-fed 

Bxp.  a9B 
Not  fed 

Bxp.  a6A 

Not  fed 
Dark 

Bxp.  a6C 

Not  fed 


0.575 


0.50 


5.70 


0.555 


0.50 


5.40 


0.615 


6.30 


0.660 


5.30 

0.60 


0.325 


4.50 
0.7S 


0.560 


0.3s 


4.75 
060. 


0.555 


4.90 


0.595 

0.85 


6.35 


04^40 


0.65 


5.35 


0.585 
0.80 


x.as 


0.605 


6.10 


0.615 


►.675 

0.60 
o, 

0.345 

0.65 


5.85 


0.80 


0.565 


0.50 


5.X0 


0.565 


0.3s 


4.95 

0.7S 


0.605 


l.xs 


7.05 


5.50 

I. OS 


0.60 


6.30 


0.705 


0.65 


5.90 


0.365 

0.80 


5.70 

0.80 


0.575 


0.7s 


5.55 


0.6s 


0.570 


0.55 


5.35 

0.8s 


0.630 


1. 15 


7.35 

i.So 


0.635^ 


0.590 

0.80 


5.70 


0.590 


0.635 


6.35 


0.640 


0.7x0 


0.70 


6.30 


0.7s 


0.385 
0.9s 


0.80 


0.70 

6.00 

0.60 


0.585 


6.30 

0.80 


x.as 


8.65 


i.So 


0.9 


6.15 


0.90 


6.50 


0.645 


0.725. 


0.85 


6.70 


0.75 


0.395 


6.45 


0.7s 


0.585 


0.85 


6.50 


0.6x0 


0.90 


6.75 

0.75 


0.665 


9.65 


I.SO 


0.6x5 


6.30 


0.670 
xo.50 

X.60 

1.95 

OJ640 


7.30 


0.670 


0.735. 


6.80 

0.6s 


0.415 

x.ao 


07.S 


0.600 


7.X5 


0.630 


0.9s 


7.00 

0.80 


6A> 


8.35 


X.35 


0.740 


1.05 


7.35 


0.435 


7.45 


0.7c 


0.635 


7.65 
o.8o 


0.625 


7.45 
0.85 


perature  could  occur  was  during  the  period  of  hashing.  This,  of 
course,  represented  only  a  few  minutes  and  could  cause  at  most  a 
temperature  depression  of  a  few  degrees.  Some  of  the  hashed 
material  was  tested  and  gave  34.5°  C.  The  warm  saline  quickly 
brought  this  up  to  37°  C.     Seven  experiments  were  carried  on  in 

*The  upper  left-hand  figures  represent  degrees  of  depression  of  the  frecsing-point;  the 
upper  right-hand  figiires,  non-coagulable  nitrogen  expressed  as  cubic  centimeters  of  N/io 
acid;  the  lower  left-hand  figures,  acidity  to  phenolphthalein  in  terms  of  cubic  centimeters 
of  N/io  acid;  lower  left-hand  figtu-es,  alkalinity  to  dimethylaminoasobensene  in  terms  of 
cubic  centimeters  of  N/io  alkali. 
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this  way  (Experiment  9,  11,  15,  18,  29E,  26A,  26C).  Of  these 
the  first  four  were  well-fed  and  the  last  three  fasting  animals.  Of 
the  well-fed  animals  two  (9,  18)  showed  (Table  II)  a  marked 
autolysis  at  the  outset  as  indicated  by  the  figures  for  the  depres- 
sion of  the  freezing-point  and  nitrogen.  On  the  other  hand  in 
Experiments  11  and  15  a  well-marked  latent  period  was  present 
although  it  persisted  for  only  one  hour.  Only  traces  of  glycogen 
were  present  in  the  liver  of  Experiment  II  and  it  was  absent  in 
Experiment  15.  The  fasting  animals  whose  livers  were  irrigated 
and  diluted  with  warm  saline  gave  figures  both  for  depression  of 
the  freezing-point  and  nitrogen  indicating  no  latency  and  an  auto- 
lysis which  was  the  most  marked  of  all  the  experiments  of  this 
type. 

A  fifth  series  of  four  experiments  (25A,  25C,  31C  and  36A) 
were  conducted  with  unwashed  livers  of  well-fed  animals  employ- 
ing warm  saline  as  diluent.    Three  showed  (Table  III)  immediate 

Table  ni.« 
SeriesV 


Unwashed  Liv«r 

WeU-fed 

WannSalxM 


Control 

I  Hour 

a  Hours 

3  Hours 

4  Hours 

5  Hours 

0.730 
5.10 

o.to 

l.6s 

0.745 
5.40 

0.50 

O.S5 

0.775   ^ 

0.60 

0.65 

0.790 

^    5.70 
0.6s 

0.80 

0.8x0 

5A> 

0.7s 

0.90 

""— 

0.735   ^ 
4.65 

0.4 

o.so 

0.755 
_4.90 

0.60 

0.780 

4.95 

o.ss 

0.70 

0.795 

5.10 

0.65 

0.8s 

0.810 

5.JO 

0.70 

0.00 

0.825  ^ 
5.65 

0.8s 

1.0$ 

0.530^ 

6.10 
0.50 

0.70 

0.590 

0.60 

0.80 

0.605 

6.25 

0.70 

0.80 

0.635 

6.35 

0.65 

0.645^ 
6.70 

0.8$ 

0.80 

0.660 

7.00 

0.8s 

0.60 

0.720 

0.40 

1.50 

0.715  ^ 
5.60 

0.70 

1.30 

0.735 

5.50 

0.7S 

X.IS 

0.755 

5^ 

0.80 

x.aS 

0.775^ 
6.15 

0.85 

I.90 

6.65 
0.8s 

1. 10 

6  Hoars 


Exp.  asA 

Dark 
Exp.    asC 


Exp.  31C 
Exp.  36A 


—  0.840 


—  0.9S 


6^ 


oAss 


0.9S 


0.9s 


0.85 


5-8S 

x.xo 

X.35 

7^ 


autolysis  both  in  the  figures  for  depression  of  the  freezing-point 
as  well  as  for  non-coagulable  nitrogen;  one  (36A)  did  not  auto- 
lysie  during  the  first  three  hours  according  to  the  nitrogen  figures, 

*  The  upper  left-hand  figures  represent  degrees  of  depression  of  the  freesing-point  the 
upper  right-hand  figures,  non-coagulable  nitrogen  expressed  as  cubic  centimeters  of  N/io 
acid:  the  lower  left-hand  figures,  acidity  to  phenolphthalein  in  terms  of  cubic  centxmetef* 
of  N/io  acid;  lower  right-hand  figures,  alkalinity  to  dimethylamtnoasobenzene  in  terms  ci 
cubic  centimeters  of  N/io  alkali. 


Digitized  by  VjOOQ IC 


HOLMES  C.  JACKSON  IO3 

the  depression  of  the  freezing-point  only  indicating  an  inhibition 
for  the  first  hour  only.  It  is  questionable  whether  an  autolytic 
latency  existed  here. 

The  following  classification  of  experiments  in  the  five  series  will 
indicate  the  results  at  a  glance. 


Conditions  of  Experiments 


Latent  Period 


Positive  Negative 

Unwashed,  well-fed,  cold  saline 4  o  Series      I 

Unwashed,  fasted,  cold  saline a  o  Series     II 

Unwashed,  well-fed,  cold  saline x?  x  Series     II 

Washed,  fed,  cold  saline o  x  Series  III 

Washed,  fasted i  Series  III 

Washed,  fed.  warm  saline i  3  Series    IV 

Washed,  fasted,  warm  saline o  3  Series    IV 

Unwashed,  fed,  warm  saline x?  3  Series     V 

7  +  a?  xa 

Positive  Latent  Period 

Ped s-f-a?  Fasting a 

Cold  saline 6-f-x?  Warm  saline x  +  x? 

Unwashed 6-l-a?  Washed i 

From  the  tabulation  it  will  be  seen  that  out  of  twenty-one  ex- 
periments nine  showed  a  latent  period ;  in  two  of  these  however 
the  latency  lasted  only  one  hour  so  that  these  have  been  given  a 
question  mark.  Of  the  nine  positive  experiments  seven  occurred 
with  well-fed  animals  and  only  two  in  fasting  ones.  These  results 
are  somewhat  in  agreement  with  Schryver.  Again  seven  of  the 
positive  latent  periods  occurred  in  experiments  where  cold  saline 
was  employed  as  diluent.  Schryver  employed  small  amounts  (4 
grams)  of  material  for  his  experiments.  This  would  cause  a 
rapid  lowering  of  temperature  with  consequent  inhibition. 
Whether  this  author  used  a  cold  or  warm  diluent  is  not  stated, 
and  the  organs  were  not  washed. 

Perhaps  some  importance  may  be  attached  to  the  fact  that  five 
of  the  nine  positive  results  occurred  as  the  first  five  experiments 
performed  when  the  time  between  the  removal  of  the  organ  and 
conmiencement  of  the  autolysis  was  somewhat  longer  than  in  the 
latter  experiments  when  our  general  technique  had  improved.  In 
this  connection  it  is  proper  to  state  that  of  twenty-five  other  and 
similar  experiments  reported  below  only  four  showed  a  latent 
period  before  autolysis  and  of  these  cold  diluents  were  employed 
in  three  cases. 

In  view  of  these  facts  and  of  the  fact  that  of  thirteen  latent 
I)eriods,  nine  were  in  experiments  where  cold  diluents  were  used, 
it  is  evident  that  the  low  temperature  of  the  mixture  acts  as  an 
inhibitory  factor  in  causing  a  latent  period  of  autolysis  until  the 
material  becomes  warmed  throughout  to  body  heat.    The  presence 
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of  blood  in  the  unwashed  organ  adds  an  additional  factor  to  the 
inhibiting  forces. 

Upon  the  whole,  therefore,  it  seems  that  the  latent  period  is  most 
prone  to  appear  in  unwashed  livers  where  cold  diluent  is  em- 
ployed and  in  those  cases  in  which  the  animal  was  previously 
well-fed.  It  seems  however,  that  in  the  light  of  all  the  experi- 
ments herein  presented,  it  becomes  questionable  whether  the 
feeding  of  the  animal  and  the  consequent  condition  of  the  liver 
possesses  any  direct  influence  on  the  latency  of  autolysis."  In  this 
it  is  impossible  to  agree  with  Schr)rver  nor  does  the  latter's  rea- 
soning in  regard  to  the  liberation  of  enzymes  in  the  fasting  con- 
dition seem  plausible.  There  does  not  exist  at  present,  any  evi- 
dence which  points  to  any  qualitative  difference  in  the  enzymic 
condition  between  the  metabolism  of  well-fed  and  fasting  animals. 
The  statement  that  in  fasting,  autolytic  processes  by  causing 
decomposition  supply  the  needs  of  the  body  by  the  utilization  of 
the  degenerative  products  simply  amounts  to  placing  a  well 
established  fact  in  njew  terms,  since  it  is  very  difficult  to  draw  a 
sharp  line  between  the  normal  anal)rtic  processes  by  which  energy 
is  liberated  and  those  of  autolysis  associated  with  the  death  of  the 
cell.  It  ^ould  appear  that  the  question  was  more  one  of  a  dis- 
turbed quantitative  equilibrium  of  the  cell  than  of  any  qualitative 
enzymic  differences. 

EFFECT  OF  CONDITIONS  UPON  THE  RATE  OF  AUTOLYSIS. 

The  previous  discussion  has  had  to  do  with  autolysis  within 
the  first  three  or  four  hours  after  the  removal  of  the  organ  from 
its  circulation.  The  fact  that  the  results  indicated  that  the  latent 
period  wa;s  relatively  inconstant  and  dependent  upon  a  variety  of 
factors  led  to  the  attempt  to  study  first,  the  rate  of  autolysis  with- 
in the  first  twelve  hours  and  second,  the  effect  upon  it  of  altering 
certain  conditions  in  the  experiment  in  the  hope  that  the  onset 
of  changes  favoring  autolysis  might  be  inhibited.  This  consisted 
mainly  in  endeavoring  to  continue  the  alkalinity  of  the  cell  by 
means  of  alkaline  phosphates. 

Nutritional  State  of  the  Cell. — One  of  the  most  important  fac- 
tors to  be  considered  in  the  elucidation  of  the  origin  and  rate  of 
autolysis  consists  in  the  determination  of  the  level  of  equilibriiun 

•  As  explained  later  in  the  paper,  the  nutritional  state  of  the  cell  may  indirectly 
autolytic  variations. 
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Upon  which  the  cell  exists  at  the  time  of  stoppage  of  the  circula- 
tion. We  look  to  the  diet  of  the  animal  as  one  of  the  most  ready 
means  of  normally  altering  this  condition  and  yet  it  becomes  one 
of  the  most  difficult  to  control,  since  no  two  animals  react  simi- 
larly to  diet  or  to  fasting. 

The  fat  content  of  the  livers  of  normal  animals  under  the  same 
diet  varies  as  greatly  as  does  the  power  of  individuals  to  lay  on 
subcutaneous  fat. 

The  appearance  or  absence  of  glycogen  serves  perhaps  as  best 
evidence  concerning  the  condition  of  the  cell  from  the  standpoint 
of  nutrition  and  it  is  usual  to  conclude  that  the  tissues  are 
actually  in  a  state  of  undernutrition  when  the  liver  is  free  from 
glycogen.  Well-fed  animals  usually  possess  organs  containing 
more  or  less  glycogen,  but  even  here  exceptions  exist  and  fre- 
quently animals  after  a  long  period  of  excessive  carbohydrate  diet 
do  not  show  glycogen  in  their  livers. 

Concerning  variations  in  the  nitrogenous  content  of  the  liver, 
it  becomes  more  difficult  to  make  definite  statements.  Pearce  and 
Jackson  (12)  showed  that  as  the  result  of  incipient  necrosis  or 
starvation  from  lack  of  circulation  the  cells  involved  lay  on  nitro- 
genous compounds  in  the  same  way  as  they  do  fat.  This  was 
in  agreement  with  the  results  of  Seitz  (13)  obtained  under  nor- 
mal conditions.  Schryver  states  that  the  liver  of  a  fasting  dog 
contains  more  non-coagulable  nitrogen  than  that  of  a  well-fed 
animal.  In  the  experiments  here  reported  a  great  variation  in 
the  amount  of  initial  non-coagulable  nitrogen  exists.  The  aver- 
age figure  for  twenty  experiments  upon  fasting  animals  compares 
within  one  per  cent,  of  that  for  eighteen  well-fed  animals.  Se- 
lecting two  cases  (Experiments  25  and  26)  in  each  of  which 
there  are  three  controls  it  is  evident  that  no  difference  exists.  It 
is  not  possible  therefore  to  confirm  Schryver's  statement  in  re- 
gard to  differences  in  nitrogen. 

From  a  consideration  of  the  initial  figures  for  the  depression  of 
the  freezing-point  in  twenty-nine  experiments  in  which  physi- 
ological saline  was  employed  as  diluent  it  is  evident  that  the 
fasting  liver  possessed  the  lowest  concentration.  Eleven  washed 
organs  of  which  six  were  fasting  and  five  well-fed  and  eighteen 
unwashed  organs,  seven  fasting  and  eleven  well-fed  gave  aver- 
ages as  follows : 

Washed,      fasting  0.475'*    (3x0-560)  Unwashed,    fasting  0.609**    (575-660*^ 

Washed,   well-fed  0.594*    (555-660)        '  Unwashed    welWed  0.664*     (515-735**) 
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These  figures  seem  sufficiently  definite  to  indicate  that  as  far 
as  ionic  concentration  is  concerned  the  fasting  animals*"  liver 
showed  the  lowest  figures  whether  washed  or  unwashed.  The 
maximum  and  minimum  effects  are  indicated  in  Experiments 
25  and  26.  Experiment  25  was  an  unwashed  well-fed  liver  and 
gave,  ^  =  0.730  (average  three  controls)  while  Experiment  26 
with  washed  and  fasting  organs,  ^  =  0.555  (average  three  con- 
trols). In  all  instances  the  washing  of  the  organ  decreased  the 
ionic  strength  of  the  tissue ;  this  procedure  seemed  to  have  little 
effect  however  upon  the  initial  acidity  or  alkalinity.  From  the 
fact  that  perfusion  of  an  organ  causes  a  decreased  ionic  concen- 
tration which  is  not  paralleled  by  changes  in  reaction,  it  seems 
probable  that  the  ionized  substances  in  the  cell  which  impart  its 
so-called  alkaline  reaction  are  of  such  a  character  (ionized  pro- 
tein) that  interchange  or  osmosis  through  the  endotheliimi  does 
not  readily  take  place. 

There  are  no  data  obtainable  from  the  results  presented  in 
this  paper  which  can  be  of  service  in  explaining  the  effect  of 
these  variable  nutritional  conditions  of  the  cell  upon  the  latent 
period  and  rate  of  autolysis.  The  cursory  outline  above  serves 
merely  to  bring  to  mind  possible  variations  in  cell  equilibrium  as 
regards  the  carbohydrates,  fats,  proteins,  osmotic  concentration, 
etc.  This  phase  of  the  subject  will  receive  further  consideration 
in  the  final  discussion  as  to  the  cause  of  and  variations  in  the 
changes  in  the  reaction  of  the  cell  occurring  at  its  death. 

Light. — The  first  external  change  in  condition  which  usually 
occurs  in  tissues  undergoing  incipient  autolysis  in  vitro  and 
which  is  not  in  accordance  with  autolysis  in  vivo  consists  in  the 
placing  of  the  material  in  the  light.  Two  experiments  (25  and 
26) —  one  a  well-fed  and  the  other  a  fasting  animal — were  con- 
sequently performed  in  which  the  liver  was  removed  in  the  dark 
and  two  of  the  samples  (25 A  and  B  and  26A  and  B)**  autolysed 
in  the  absence  of  light.  The  third  sample  (25C  and  26C)  as 
control,  underwent  autolysis  as  usual.  These  experiments  con- 
tinued for  seven  and  one-half  hours.  The  results  (Table  IV) 
indicate  that  the  presence  of  ordinary  light  exerts  no  appreciable 
influence  upon  autolysis.    The  increase  of  the  depression  of  the 

*•  Animals  were  given  water  ad  libitum. 

"  Experiments  asA  and  a6A  differed  from  asB  and  96B  in  that  in  the  former  a  waim 
^Uluent  was  employed.  Experiments  a6A  and  a 60  appear  as  the  last  two  upon  Table  II; 
Bxi>erimenU  asA  and  asC.  as  the  first  two  in  Table  III. 
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Table  IV." 


Autolysis  in  the 

Dark;  Cold  Saline 

(Control) 

Control 

X  Hour 

2  Hours 

3  Hotirs 

4  Hours 

5  Hours 

6  Hours 

Exp.  asB 

Not  washed 
weU-fed 

Exp.  a6B 

Washed; 
not  fed 

0.735   . 
4A> 

0.40 

0.65 

0.550 

5.30 

0.35 

0.5S 

0.755 

5.50 
o.so 

0.70 

0.550 

5.35 

0.30 

0.65 

0.765   ^ 
^    5.65 

0.65 

0.85 

0.560 
5.85 

0.50 

0.80 

0.780 
^    5.85 

0.60 

0.80 

0.575, 
6.10 

0.60 

0.70 

0.8x0 
^    5.95 

0.65 

0.8s 

6.60 

0.70 

0.65 

0.830 

6.00 

0.70 

0.80 

0.6x5 

7.X5 

0.9S      ^ 
0.8s 

0.835^ 
6.X0 

0.7S      ^ 
0.8s 

0.630 

8.00 

1. 00 

x.os 

Washed;  Not  fed 

Control 

a  Hours 

4  Hours 

6  Hours 

8  Hours 

to  Hours 

Exp.  agE 
Wann  saline 

Exp.  agP 

Wann  saline 
and  toluol 

0.335 
4.50 

0.45 

0.7S 

0.310 

4.80 

0.45 

0.70 

0.365 

5.70 
0.80 

0.80 

0.330 

5.90 

0.8s 

0.8s 

0.395 
5.75 

x.xo 

0.75 

0.80 
0.85 

0.435 

7.45 
x.40 

0.90 

0.385^ 
6ww 

0.85 

0.90 

0-485 

lO.XO 

2.50 

0.95 

0.390 

7.40 
0.90 

0.85 

0.565 

X54JO 
a.9S 

X.95 

0.395^ 
8.00 

I. OS 

0.90 

Unwashed;  weU-fed 

Control 

X  Hour 

3  Hours 

S  Hours 

7  Hotirs 

12  Hours 

Exp.  3xC 

Warm  saline 

Exp.  3xB 

Warm  saline  and  chlo- 
roform 

0.530^ 
6.10 

0.50 

0.70 

0.515 
5.35 

o.S 

0.90 

0.590^ 

6.30 

0.60 

0.80 
0.530  ^ 

5A> 

0.60 

0.85 

0.635^ 
6.35 

0.65 

0.600 

6.35 

0.70 

0.80 

0.660 

0.8s 

0.60 

0.630 

6.70 

""7.60 

0.90 

0.80 

0.635 

7.00 
0-9S 

X.3S 

X.030 

XO.7O 
1. 45 

0.9s 

0.690 

8.50 

1. 95 

3.35 

freezing-point,  increase  of  non-coagulable  nitrogen  and  change 
in  reaction  ran  parallel  in  both  experiments.  The  differences 
which  one  experiment  showed  as  against  the  other  as  the  result 
of  the  feeding  of  the  animal,  will  be  considered  later. 

Antiseptics. — ^Autolytic  experiments  as  usually  conducted  in 
order  to  insure  complete  asepsis  entail  the  employment  of  anti- 
septics such  as  toluol,  chloroform,  etc.  The  results  of  Lang  (14), 
while  not  very  complete,  indicate  that  germicidal  agents  are  not 
without  effect  upon  the  activity  of  the  enzymes  in  autolysis. 
Wells  and  Benson  (7)  however  incline  to  the  view  that  with  cer- 
tain precautions,  chloroform  may  be  employed  without  inhibitory 
effect.     It  is  evident  that  where  comparative  results  are  to  be 

''The  upper  left-hand  figures  represent  degrees  of  depression  of  the  freezing-point;  the 
upper  right-hand  figures,  non-coagulable  nitrogen  expressed  as  cubic  centimeters  of  N/io 
acid;  the  lower  left-hand  figures,  acidity  to  phenolphthalein  in  terms  of  cubic  centimeters 
of  N/10  acid;  lower  right-hand  figures,  alkalinity  to  dimethylaminoazobenzene  in  terms  of 
cubic  centimeters  of  N/io  alkali . 


Digitized  by  VjOOQ IC 


Io8  EFFECT  OF  COKDITIOXS  UPON  THE  LATENT  PERIOD 

obtained,  this  variable  factor  should  be  eliininated.  In  this  work 
antiseptics  were  not  employed  except  in  Experiments  29  and  31. 
In  the  former  i<Avol  was  utilized  and  in  the  latter,  chloroform. 
A  glance  at  the  figures  in  the  tables  will  be  sufficient  to  indicate 
the  inhibitory  action  of  the  antiseptic,  apparently  more  potoit 
in  the  case  of  toluol  than  of  chloroform.  This  is  evident  both  in 
the  figures  for  the  depression  of  the  freezing-point  and  for  die 
non-coagulable  nitrogen.  Experiment  29  ran  for  ten  hours 
during  which  time  the  depressicm  of  the  freezing-point  increased 
in  the  mixture  without  tolucrf  from  0.325°  to  0.565° ;  while  in  the 
toluolized  autolysis  it  increased  from  0.310°  to  0.385°.  In  Elx- 
periment  31  the  similar  figure  for  twelve  hours  duration  are  with 
chloroform  0.515°  to  0.690°  ;  without  chloroform  0.530°  to  1.020°. 
The  nitrogen  increase  paralleled  them  closely. 

Reaction. — It  has  been  quite  definitely  decided  as  the  result  of 
the  work  of  many  investigators  (15)  that  acids  accelerate  and 
alkalies  inhibit  the  rate  of  autolysis.  In  the  majority  of  the 
experiments  conducted  by  these  woricers  a  concentration  of  H  + 
or  OH-ions  has  been  employed  which  is  out  of  all  accord  with 
that  possible  in  the  cell  of  the  animal  body.  The  blood  and  proto- 
plasm are  from  the  standpoint  of  physical  chemistry  considered  as 
neutral  (4)  ;  very  slight  variations  from  this  condition  may  cause 
profound  alterations  in  the  general  metabolic  process.  It  seemed 
therefore,  of  more  value  from  a  comparative  standpoint  to  at- 
tempt to  vary  the  so-called  acidity  and  alkalinity  relations  of  the 
cells  in  ways  which  more  closely  simulate  the  normal. 

The  immense  importance  which  the  phosphates  play  as  regulat- 
ing mediums  for  reaction  in  the  body  has  been  of  late  repeatedly 
emphasized.  Mixtures  of  the  mono-hydrogen  and  dihydrogen 
salts  may  be  appropriately  made  so  that  the  resultant  solution  is 
either  neutral,  alkaline  or  acid.**  Hence  disodium  monohydro- 
gen  phosphate  was  employed  as  diluent  in  the  hope  of  increasing 
the  "  alkalinity  "  of  the  tissue  while  the  dihydrogen  monosodium 
phosphate  promised  to  augment  the  "  acidity."  A  further  method 
employed  for  the  latter  purpose  consisted  in  the  addition  of  pure 
neutral  ethyl  butyrate  to  the  autolytic  mixture.  As  autolysis 
proceeded  the  Hpolysis  of  the  butyrate  set  free  butyric  acid,  there- 
by increasing  the  acidity  markedly.    This  reaction  may  also  be 

>*  In  relation  to  phenolphthaleifi.  Henderson  (4)  has  shown  that  in  tohitioot  of  these 
two  salts  great  variations  in  their  relative  proportions  may  exist  without  «>'— «g*«g  the  H  -h 
concentration  to  any  great  degree. 


Digitized  by  VjOOQ IC 


HOLMES  C.  JACKSON  I09 

supposed  to  take  place  in  the  living  cell  but  ordinarily  sufficient 
bases  are  at  hand  for  neutralization.  In  autolysis  (lipolytic) 
should  the  bases  be  lacking  the  H  +  ■  concentration  would  be 
increased. 

An  examination  of  the  figures  obtained  for  the  control  samples 
as  indicative  of  the  character  of  the  initial  state  of  reaction  of 
the  tissue  indicates  that  either  the  method  of  titration  with  the 
two  indicators  is  too  crude  to  show  slight  variations  which  might 
occur  in  the  living  tissue,  or  the  factors  which  influence  the  reac- 
tion of  the  tissue  and  which  would  aid  in  explaining  the  results, 
are  unknown.  Certain  differences  in  the  figures  for  the  controls 
under  the  various  conditions  did  appear  but  no  one  condition 
which  has  been  discussed  here  is  apparently  accoimtable  for  the 
changes. 

In  Experiments  23,  28B,  30A,  32C,  33B  and  36  (Table  V)  at- 
tempts were  next  made  to  increase  the  alkalinity  of  the  reaction 
of  the  mixture  in  which  autolysis  was  to  occur  by  means  of  di- 
sodium  hydrogen  phosphat-e  in  five  per  cent,  solution  and  Experi- 
ment 28C  by  alkaline  Locke's  solution.**  It  is  interesting  to  note 
that  while  the  disodium  phosphate  was  alkaline  to  phenolphthalein 
(0.8  C.C.  N/io  acid  for  10  c.c.  of  solution)  and  alkaline  to  di- 
methylaminoazobenzene  (10.65  ^'^-  N/io  acid  for  10  c.c.  of  solu- 
tion), when  the  autolytic  mixture  of  this  solution  and  tissue  was 
analyzed,  the  mixture  possessed  the  acidity  to  phenolphthalein 
ordinarily  found  when  sodium  chloride  is  employed  as  diluent. 
Unfortunately,  it  is  impossible  to  say  from  the  methods  employ-ed 
just  what  physical  changes  occurred  when  the  tissue  and  phos- 
phate solution  were  mixed.  From  the  chemical  standpoint  of  re- 
action the  tissue  transformed  the  alkaline  solution  (phenolphtha- 
lein) to  one  which  reacted  acid.  The  explanation  for  this  prob- 
ably lies  in  the  rearrangement  of  phosphates  in  the  solution  by 
which  the  large  excess  of  disodium  hydrogen  phosphate  reacted 
with  acid  factors  in  the  tissues  and  became  transformed  into 
suflScient  dihydrogen  sodium  phosphate  to  cause  the  autolytic 
mixture  to  assume  its  normal  reaction.  This  forms  simply  an- 
other manifestation  of  the  regfulating  mechanism  described  by 
Henderson  (4).  All  attempts  therefore  to  increase  in  this  man- 
ner the  alkalinity  (phenolphthalein)  were  negative  and  the  results 


^  Locke's  solution  to  which  was  added  suflSdent  sodium  bicarbonate  to  bring  the  strength 
of  the  salt  up  to  0.5  per  cent. 
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Table  V  » 


S  Per  Cent.  NatHPO*. 


Control 


I  Hour 


3  Hours 


6Hourt 


8  Hours 


xo  Hoaf» 


Exp.   2X 

Washed;  well-fed;  cold  dfluent 


Exp.  a8B 
Unwashed;     not  fed;     warm 
dUuent 


Exp.  30A 
Unwashed,  not  fed;  xo  per  cent. 
warm  diluent 


Exp.  33C 

Unwashed ;  not  fed ;  cold  diluen  t 


Exp.  3tB 

Unwashed;  not  fed;  cold  diluent 


Exp.  36 

Unwashed;      well-fed      warm 
diluent 


X.4S 


0.530 


X.90 


5^0 


0.560 


5.60 


0.610 


a. a  5 


5.80 


XX.80 


0.530 


0.65 


4.30 


04^45 


5.60 


0.6x5 


XX. 45 


XX. 95 


7.10 
o 
IX. 40 


0.640 


1.6s 


7.75 
'xi.8o 


0.685 


6.70 
0.70 

ax. 75 

0.735 


0.710 


x.oo 


6.65 

ax. 65 
0.705 


0.745^ 


6.50 

x.os 

90.90 

0.705 


0.780 


7.65 

i.iS 

90.9S 

0.715 


0.795_ 

X.70 


0.900 
W-45 

9.40 

19.50 


0.700 


0.90 


0.9x0 


8.55 


0.730^ 


x.io 


8.X5 


0.740^ 


X0.6 


1.60 


8.30 


0.790^ 


a.50 


8.80 
9.6s 


6.X5 

o 
X3.I 


0.900 


6.40 
14.9 


0.950^ 


6.90 


0.995 


X3.05 


1.75 


7« 
xa.65 


i.6ao 

17.55 
1755 

a6.4 


Exp.  98C 

Unwashed;  not  fed;  warm 

Alkaline  Locke's  solution 


Exp.  33B 
Unwashed;  not  fed 

CoU  Na»P04, 


0.680 


X.60 


5.60 
x.xs 


0.700 


0.650 


1.70 


0.660 


4-40 


0.785 


1.85 
0.650 


4.65 


0.795 


1.7 


4A) 


0.805 


1.75 


4.60 


0.650 


of  these  experiments  do  not  differ  from  those  reported  with  saline 
as  diluent. 

One  experiment  performed  with  Locke's  solution  made  alka- 
line with  0.5  per  cent,  sodium  bicarbonate**  (28C)  ran  seven  and 
one-half  hours.  In  this  instance  also  the  resultant  mixture  of 
liver  and  bicarbonate  solution  became  acid  to  phenolphthalein  and 
alkaline  to  dimethylaminoazobenzene.  In  fact  the  respective 
acidity  and  alkalinity  was  greater  in  each  case  than  with  sodium 
chloride.  Undoubtedly  a  reaction  occurred  between  the  phos-^ 
phates  of  the  cell  and  the  sodium  bicarbonate,  carbon  dioxide  being 
liberated,  and  in  this  way  increasing  the  acidity  to  phenolphtha- 
lein. 

^The  upper  left-hand  figures  represent  degrees  of  depression  of  the  freexing-point;  the 
upper  right-hand  figures,  non-coagulable  nitrogen  expressed  as  cubic  centimeters  of  N/to 
acid;  the  lower  left-hand  figures,  acidity  to  phenolphthalein  in  terms  of  cubic  centimeters 
of  N/io  acid;  lower  right-hand  figures,  alkalinity  to  dimethylaminoasobensene  in  terms  ci 
cubic  centimeters  of  N/io  alkali. 

'*Of  this  solution,  lo  c.  c  required  o.xs  c.c  N/io  add  to  neutralize  to  phenolphthaMo- 
and  1.55  c.c.  to  dimethylaminoazobenzene. 
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The  increase  in  depression  of  the  freezing-point^^  was  about 
that  observed  in  other  experiments,  where  a  similar  reaction  was 
present ;  no  inhibition  or  latent  period  could  be  noticed.  An  ex- 
amination of  the  figures  for  non-coagulable  nitrogen  indicates 
however  that  no  nitrogenous  autolysis  occurred,  the  figures  for 
the  end  of  the  experiment  being  the  same  as  the  control  or  even 
somewhat  lower.  In  this  case  no  increase  in  acidity  (phenolph- 
thalein)  took  place  such  as  ordinarily  occurs  with  sodium  chloride 
solution  as  diluent. 

One  experiment  employing  tri-sodium  phosphate  as  diluent  did 
not  result  favorably  since  the  autolytic  mixture  became  extremely 
thick  and  ropy.  Upon  heating  no  coagulation  occurred ;  the  mix- 
ture required  the  addition  of  such  a  large  amount  of  acid  before 
complete  coagulation  occurred  that  attempts  to  perform  nitrogen 
and  acidity  determinations  were  abandoned.  Unfortunately  the 
diluent  solution  was  employed  cold  so  that  it  is  impossible  to  de- 
cide whether  the  extremely  long  "  latent "  period  as  evidenced 
in  the  depression  of  the  freezing-point  was  to  be  ascribed  to  this 
or  to  the  phosphate  solution.  It  would  seem  more  probable 
that  the  lack  of  increase  in  mokcular  concentration  found  in  this 
autolysis  was  due  to  the  phosphate  solution  on  account  of  its 
alkalinity  (phenolphthalein)  and  this  fact  agrees  with  observa- 
tions of  previous  investigators  that  alkalies  inhibit  autolysis.  An 
alkalinity  equivalent  to  this  never  occurs  in  the  body. 

In  one  experiment  (29D)  where  dihydrogen  sodium  phosphate 
served  as  diluent,  the  autolytic  mixture  was  strongly  acid  to 
phenolphthalein.  This  experiment  should  be  compared  with  Ex- 
periment 29E  (Table  II,  Series  IV)  and  the  control  with  saline. 
No  noticeable  variation  in  rate  of  autolysis  can  be  detected. 

In  Experiment  33  and  36  in  which  pure  ethyl  butyrate  was 
added  to  the  autolytic  mixture  a  most  marked  increase  in  acidity 
(phenolphthalein)  was  observed  together  with  the  greatest  aug- 
mentation of  non-coagulable  nitrogen  and  the  depression  of  the 
freezing-point  obtained  in  any  of  the  experiments.  These  two 
experiments  ran  for  twelve  hours  and  were  absolutely  sterile 
throughout.  The  depression  of  the  freezing-point  increased  in 
Experiment  36  from  0.810°  to  1.515°  and  in  Experiment  33  from 
0.685°  to  1.285°.  The  non-coagulable  nitrogen  rose  in  Experi- 
ment 36  from  5.8  to  28.15  and  in  Experiment  33  from  3.25  to 

*^  Whether  this  is  indicative  of  autolysis  is  questionable;  c.  /.,  the  later  discussion  on  this 
point. 
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Table  VI." 


Control 


s  Hourt 


4Houx« 


6  Hours 


SHouxs 


zo  Hoof* 


Bxp.  soD 

Washed:  not  fed;   5   P«r  cent. 
H.Nak>0« 


Exp.  33C 

Unwashed;  not  fed;  i  c.c.  ethyl 
butyrmte  with  saline  diluent 


Exp.  36C 

Unwashed'  fed;  i  c.c.  ethyl  buty< 
rate  with  saline  solution 


Bicp.  a;B 
Unwashed;     not    fed;     warm 
Locke's  solution. 


Exp.  .^lA 
Unwashed:     well-fed;     warm 
Locke's  solution 


0^35 


S.05 

^.8s 


0.635 


0.680 


5.30 


1.75 


XS.85 


5.50 


X.95 


0.685 


3^5 


0.735 


1.30 


4.50 


0.745 


X.85 


7.40 


0.810 


x.aS 


5.80 


o3x5 


I.S5 


5.60 


0.845 


x.60 


S-3S 


X.5S 


X.4S 


0.7*5 

7^ 
X3.0S 

X.7S 

0.765 
13.40 

X3.S0 

X.60 

O.T95 

14.AS 

X4.05 

x.6$ 

o.8ao 
14^ 

9.80 

> 

33.85 

S-xo 

8.60 

04)30 

XO.O5 

a.35       ^ 

x.6s 

aSos 
6.65 

535 

0.635 


0.40 


6j5 


0.650 


0.60 


6.X0 


0.670 


0.80 


6.X0 


0.705 


6.50 


0.630 


0.60 


5.60 


0.730 


0.7s 


5.65 

0.75 


0.775 

0.85 


5.60 

0.75 


0.800 


7.30 

0.85 


X.0IS 

6.80 


30.8 

ST 


33-85.* •  Considered  from  every  standpoint  the  autolysis  was 
most  strikingly  accelerated  by  the  formation  of  the  butyric  acid 
during  the  progress  of  the  autolysis. 

In  general  therefore  attempts  to  alter  the  rate  of  autolysis  by 
means  of  acid  and  alkaline  phosphates  and  bicarbonates  resulted 
negatively.  Some  evidence  was  obtained  that  an  alkaline  reaction 
tends  to  inhibit  the  nitrogenous  autolysis ;  this  was  especially  well 
marked  in  Experiment  28C.  The  production  of  butyric  acid 
during  autolysis  set  up  a  marked  acceleration  in  the  rate  of  the 
decomposition. 

Salt  Concentration. — It  seemed  plausible  that  one  of  the  con- 
ditions which  favored  the  onset  of  autolysis  might  consist  in  the 
decrease  in  concentration  of  the  salts  (mainly  calcium  and  po- 
tassium compounds)  of  the  tissue  as  the  result  of  the  dilution 
with  sodium  chloride  and  phosphates.  Such  a  condition  would 
of  course  be  accentuated  in  a  perfused  organ  since  during  the  irri- 
gation the  calcium,  potassium,  and  other  salts  would  diffuse  out 
from  the  cell  into  the  perfusing  solution. 

^  The  upper  left-hand  figures  represent  degrees  of  depression  of  the  freezing-point;  the 
upper  right-hand  figures,  non-coagulable  nitrogen  expressed  as  cubic  centimeters  of  N/io 
acid;  the  lower  left-hand  figxares.  acidity  to  phendlphthalein  in  terms  of  cubic  centimeters 
o€  N/to  add;  lower  right-hand  figures,  alkalinity  to  dimethylaminoaxobenzene  in  terms  of 
cubic  centimeters  of  N/io  alkali. 

^  In  Experiment  36  it  is  noticeable  that  the  acidity  did  not  increase  very  rapidly  durxng 
the  fifst  four  hours  and  that  the  nitrogenous  autolysis  su£Fered  a  latent  p«iod. 
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In  order  to  partially  avoid  such  diminished  concentration,  in 
two  experiments  (27E  and  31  A)  Locke's*®  solution  was  added  as 
diluent  and  the  autolytic  rate  studied.  Although  the  results  show 
an  increase  in  ionic  concentration,  the  figures  for  the  non- 
coagulable  nitrogen  are  plainly  indicative  of  a  lack  of  autolysis 
existing  up  to  the  fifth  hour.  While  one  cannot  draw  too  definite 
conclusion  from  the  results  of  only  two  experiments,  it  seems 
reasonable  to  believe  the  retaining  of  the  salt  content  of  the  tissue 
in  approximately  unchanged  concentration,  acts  as  another  factor 
tending  to  inhibit  or  at  least  to  retard  nitrogenous  autolysis.  It  is 
also  probable  that  the  Ca  or  K  ions  are  in  some  way  active  in  this 
regard,  and  that  the  difference  in  rate  of  autolysis  noticed  between 
washed  and  unwashed  organs  can  be  ascribed  to  this  cause  in 
part. 

This  question  was  attacked  in  another  way.  The  tissues  were 
aseptically  removed  and  allowed  to  autolyze  en  masse  in  the 
thermostat  and  then  diluted  as  usual  with  three  volumes  of 
physiological  saline.  Unfortunately  no  figures  for  non-coagulablc 
nitrogen  were  obtained  in  this  series.*^ 

The  depression  of  the  freezing-point  for  the  tissue  itself  and  the 
diluted  mixture  increased  in  about  the  same  rate  as  in  all  other 
experiments. 

DISCUSSION. 

The  two  procedures  employed  for  the  determination  of  the  in- 
ception and  rate  of  autolysis  have  been  utilized  previously  by 
several  investigators.  The  increase  in  non-coagulable  nitrogen 
was  the  first  test  applied  in  this  direction  since  it  was  early  recog- 
nized that  in  the  autolytic  hydrolysis  the  coagulable  nitrogen  of 
the  protein  became  changed  into  nitrogen  of  substances  which 
were  of  smaller  molecular  weight  and  could  not  be  rendered 
insoluble  by  heat.  More  recently  however  the  attempt 
to    control    this    procedure    by    other    methods    has    resulted 

^When  physiological  saline  is  employed  as  diluent,  the  osmotic  concentration  oC  the 
tissues  is  supposed  to  continue  the  same  as  when  the  blood  is  circulating  through  the  organ. 
The  percentage  concentration  of  the  salts  other  than  sodium  chloride  is  nevertheless  mark- 
edly  diminished.  Locke's  solution  which  approaches  the  blood  as  regards  its  content  of 
inorganic  salts  was  utilised  for  this  reason. 

^  For  this  reason  the  study  of  this  tjrpe  of  experiment  is  to  be  continued  more  particularly 
with  reference  to  possible  differences  in  the  rate  of  autolysis  after  the  organ  has  been  pre- 
pared by  perfusion  in  situ  with  solutions  of  various  types  of  salts,  and  in  this  way  the  attempt 
may  be  made  to  alter  the  conditions  existing  in  the  cell  b^ore  the  commencement  of 
autolysis. 
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in  the  determination  of  the  electrical  conductivity  and  of 
the  molecular  or  ionic  concentrations  of  the  solutions  undergoing 
autolysis.  If  we  are  dealing  with  autolytic  mixtures  of  pure 
protein,  hydrolytic  changes  occurring  in  the  solution  would  make 
themselves  evident  by  all  three  methods,  but  not  simultaneously, 
since  in  the  initial  stage  of  the  reaction  the  proteins  would  be- 
come transformed  into  proteoses  or  non-coagulable  nitrogen,  with- 
out any  decided  augmentation  in  molecular  or  ionic  concentration 
sufficient  io  effect  the  depression  of  the  freezing-point  or  electrical 
conductivity.  Toward  the  end  of  autolysis  the  maximum  pro- 
teose nitrogen  might  be  reached  while  progressive  hydrolysis 
would  continue  to  break  down  the  molecules  still  further  with  con- 
sequent increased  molecular  concentration  thereby  affecting  the 
depression  of  the  freezing-point.  The  electrical  conductivity  on 
the  other  hand  could  only  be  increased  by  the  formation  of  ionized 
molecules.  From  this  it  is  evident  that  even  in  a  simple  solution 
of  protein  these  three  factors  might  not  run  parallel. 

In  the  cell  however  the  process  becomes  still  more  complex. 
Autolysis  of  non-nitrogenous  substances  such  as  glycogen,  the 
lipoids,  neutral  fats  and  the  rearrangement  of  inorganic  salts 
would  set  up  changes  in  mcJecular  and  ionic  concentration  which 
would  not  be  indicated  by  a  study  of  variations  in  non-coagulable 
nitrogen.  It  is  hard  therefore  to  agree  with  the  statement  of 
Wells  that  determinations  made  of  these  three  factors  (non- 
coagulable  nitrogen,  depression  of  the  freezing-point  and  elec- 
trical conductivity)  parallel  one  another.  That  they  might  do  so 
must  be  admitted ;  that  the  chances  are  very  much  against  their 
doing  so  is  most  probable. 

A  general  survey  of  the  results  obtained  in  this  investigation 
presents  much  evidence  in  favor  of  the  latter  view.  In  some  ex- 
periments (5b,  10,  22,  23,  27E  and  28A  and  28C)  conclusions 
would  be  reached  from  the  figures  obtained  from  the  non- 
coagulable  nitrogen  that  no  autolysis  had  occurred  up  to  the  sixth 
or  eighth  hour.  In  fact  in  Experiments  28A  and  28C  less  non- 
coagulable  nitrogen  was  present  in  solution  at  the  end  of  seven 
and  one-half  hours  than  in  the  control  at  the  outset  of  the  experi- 
ments. One  could  naturally  assume  that  non-coagulable  nitro- 
gen had  become  synthetized  into  protein  nitrogen.  The  figures 
for  the  depression  of  the  freezing-point,  however,  show  that  the 
molecular  or  ionic  concentration  was  increasing  gradually  up  to 
the  end  of  the  experiments.     This  is  especially  well  marked  in 
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Experiment  28C,  where  depression  of  the  freezing-point  increased 
from  0.680°  (control)  to  0.805°  (seven  and  on€-half  hours). 
Evidently  non-nitrogenous  molecules  were  undergoing  hydroly- 
tic  cleavage  with'  the  production  of  smaller  and  more  numerous 
molecules. 

We  do  not  hav€  to  look  far  for  an  explanation  of  these  results. 
It  has  been  mentioned  elsewhere  that  with  apparently  the  same 
conditions  of  diet,  the  liver  of  dogs  varies  markedly  in  the  content 
of  fat  and  of  glycogen  and  there  is  also  variation  in  the  rapidity 
with  which  the  latter  disappears.  With  these  points  in  mind  a 
study  of  the  notes  taken  in  various  experiments  plainly  brings  out 
the  fact  that  in  those  cases  where  th^  glycogen  disappeared  most 
rapidly  as  deduced  by  the  decrease  in  opalescence  of  the  filtrate 
after  heat  coagulation,  the  depression  of  the  freezing-point  tended 
to  increase  regardless  of  changes  in  non-coagulable  nitrogen.  In 
the  absence  of  glycogen  the  depression  of  the  freezing-point  was 
not  affected  in  this  manner.  Evidently  the  increased  depression 
of  the  freezing-point  occurred  in  greatest  part  at  the  expense  of 
the  hydrolysis  of  glycogen,  the  latter  being  transformed  into 
smaller  molecular  compounds,  such  as  maltose,  lactic  acid,  etc. 

Concerning  lipolytic  changes,  it  becomes  more  difficult  to  de- 
termine what  part  these  processes  are  playing  in  the  whole  general 
autolytic  change,  since  there  is  no  way  of  visually  following  the 
transformation  as  is  the  case  with  glycogen.  Increased  acidity  in 
the  autolytic  mixture  may  be  the  result  of  the  hydrolysis  of  fats 
or  equally  well  of  the  carbohydrates.  It  therefore  is  of  the  ut- 
most difficulty  to  decide  to  what  process  is  due  the  increased 
acidity  as  determined  by  phenolphthalein.  From  the  fact  that  in 
a  majority  of  the  experiments  there  occurred  a  gradual  increase 
in  acidity  (phenolphthalein)  associated  with  no  simultaneous 
changes  in  reaction  to  dimethylaminoazobenzene,  it  seems  rea- 
sonable to  consider  that  the  augmented  acidity  was  not  brought 
about  by  increase  in  acid  phosphates  since  dimethylaminoazo- 
benzene would  react  to  such  change;  but  rather  to  a  formation 
of  acids  of  the  fatty  acid  type  to  which  the  latter  indicator  is 
not  sensitive. 

In  this  connection  emphasis  must  be  laid  upon  the  results  of 
the  two  experiments  in  which  ethyl  butyrate  was  added  to  the 
autolytic  mixture.  The  pronounced  acceleration  of  autolysis 
which  occurred  evidently  as  the  result  of  the  formation  of  butyric 
acid  in  the  mixture  cannot  fail  to  have  but  one  significance.  Given 
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a  cell  in  which  as  the  result  of  increased  lipolysis  from  some 
reason  or  other  fatty  acids  are  being  produced  in  excess,  their 
presence  will  markedly  stimulate  nitrogenous  autolysis.  The  fat 
and  fatty  acids  content  of  supposedly  normal  cells  vary  within 
very  wide  limits.  This  is  a  factor  which  must  be  reckoned  with 
in  the  consideration  of  general  or  even  nitrogenous  autolysis. 
Whether  the  augumented  autolysis  is  a  result  of  the  catalytic 
action  of  the  hyrodgen  ions  of  the  butyric  acid  or  whether  the 
same  relationship  exists  between  the  lipolytic  autolyses  and  the 
decomposition  of  protein  substances,  is  hard  to  decide. 

From  this  somewhat  cursory  discussion  it  becomes  evident  that 
at  the  time  when  the  cell  becomes  removed  from  its  circulation, 
hydrolytic  changes  are  set  up  with  varying  degrees  of  rapidity; 
the  character  of  these  changes  is  dependent  upon  the  condition  of 
the  cell  at  the  time.  The  reaction  of  the  fluids  bathing  the  proto- 
plasm (if  the  protoplasm  is  considered  to  be  neutral)  is  an  impor- 
tant factor  as  shown  by  the  many  investigations  upon  the  eflFect 
of  acidity  and  alkalinity  upon  autolysis.  The  restilts  recorded 
here  plainly  indicate  however  that  changes  in  reaction  which  most 
nearly  simulate  those  which  can  occur  in  the  living  cell  do  not 
alter  the  autolytic  rate  so  markedly,  if  they  do  at  all,  as  where 
stronger  acids  and  alkalies  are  employed. 

In  the  majority  of  cases  only  the  nitrogenous  autolysis  has  been 
studied.  As  it  has  been  indicated,  if  carbohydrates  are  present  in 
the  cell,  amylolytic  autolysis  will  also  occur;  lipolytic  autolysis 
probably  is  as  constant  as  the  nitrogenous  process.  Either  one 
of  the  three  types  of  autolysis  may  occur  without  the  other.  Prob- 
ably all  three  originate  when  general  autolysis  begins.  That  one 
process  influences  the  others  and  that  the  products  of  the  autolytic 
hydrolyses  (lactic  acid,  fatty  acids,  etc.)  markedly  influence,  per 
haps  augments  the  others  {e,  g,,  nitrogenous  autolysis)  are  facts 
rapidly  being  brought  into  prominence.  Further  study  in  this 
direction  should  lie  in  attempts  to  test  the  effect  upon  autolysis 
of  a  single  type,  e.  g,,  nitrogenous,  by  setting  up  simultaneously 
in  the  mixture  amylolytic  or  lipolytic  autolysis;  this  would  also 
include  the  effect  of  autolytic  products,  upon  the  rate  of  all  three 
types  of  autolysis. 

CONCLUSIONS. 

I.  Under  certain  conditions,  general  autolysis  does  not  begin 
immediately  upon  the  removal  of  the  organ  from  its  circulation. 
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This  latent  period  is  more  apt  to  be  present  in  those  cases  in  which 
the  tissues  have  been  temporarily  cooled  on  account  of  the  use  of  a 
cold  saline  diluent  or  in  which  the  percentage  concentration  of 
the  inorganic  salts  (calcium  or  potassium),  of  the  tissues  have 
been  changed  by  dilution  with  a  sodium  chloride  solution.  The 
presence  of  blood  and  absence  of  fats  and  of  glycogen  in  the 
cells  act  as  important  factors  in  prolonging  the  latent  period. 

2.  Attempts  to  produce  an  alkaline  reaction  (phenolphthalein) 
in  the  tissue  resulted  negatively.  Solutions  of  disodium  hydrogen 
phosphate  and  of  sodium  bicarbonate  when  added  to  the  liver 
tissues  gave  a  mixture  which  was  acid  to  phenolphthalein  and  no 
effect  upon  autolysis  was  apparent. 

3.  The  addition  of  antiseptics— chloroform  and  toluol — mark- 
edly decreased  the  rate  of  autolysis.  Ordinary  light  produced  no 
effect. 

4.  Ethyl  butyrate  when  added  to  the  tissue  became  hydrolysed 
into  butyric  acid ;  the  formation  of  this  acid  in  the  mixture  caused 
a  decided  acceleration  in  the  autolytic  rate.  The  acidity  of  a 
solution  of  dihydrogen  sodium  phosphate  failed  to  produce  a 
similar  result: 

5.  The  figures  for  the  changes  in  the  depression  of  the  freezing- 
point,  non-coagulablc  nitrogen  and  reaction  of  the  autolytic  mix- 
ture do  not  parallel  one  another.  In  some  experiments  a  marked 
increase  in  the  depression  of  the  freezing-point  was  imaccom- 
panied  by  augmentation  of  non-coagulable  nitrogen. 

6.  General  autolysis  is  the  sum  total  of  proteolytic,  amylolytic 
and  lipolytic  factors.  Each  of  these  autolytic  factors  may  pro- 
ceed alone  for  a  time ;  the  rate  of  one  is  decidedly  influenced  by 
the  presence  or  absence  of  the  others.  The  acid  products  which 
arc  the  result  of  amylolytic  (lactic  acid)  and  of  lipolytic  (higher 
fatty  acids)  autolysis,  exert  a  pronounced  augmentative  effect 
upon  the  commencement  and  rate  of  nitrogenous  autolysis. 
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THE  INFERIOR  LONGITUDINAL  BUNDLE  AND  THE 
GENICULO-CALCARINE  FASCICULUS.    A  CON- 
TRIBUTION TO  THE  ANATOMY  OF  THE 
TRACT-SYSTEMS  OF  THE  CERE- 
BRAL HEMISPHERE. 

By  LaSALLE  ARCHAMBAULT,  M.  D.. 
Lidurw  on  Nturology,  Albany  Medical  ColUgt. 

Ever  since  Burdach's  time,  the  most  external  of  the  three 
sagittal  layers  which  surround  the  descending  and  posterior 
horns  of  the  lateral  ventricle  and  which  form  the  deep  boundary 
of  the  central  white  matter  of  the  temporo-occipital  lobe,  has 
been  known  as  the  inferior  longitudinal  bundle  and  considered 
as  being  composed  essentially  of  association  fibres  uniting  the 
cortex  of  the  occipital  lobe  with  that  of  the  temporal  lobe.  More 
recently  Sachs  has  proposed  the  term  stratum  sagittate  externum 
for  this  layer  of  fibres  and  the  latter  denomination  has  gradually 
superseded  the  old  one  in  the  more  modem  text-books  on  the 
anatomy  of  the  brain.  But,  by  whatever  term  this  mass  of  fibres 
may  have  been  designated,  the  majority  of  observers  have  at  all 
times  been  unanimous  in  regarding  it  as  an  association  tract  We 
do  not  intend  to  analyze  here  the  views  held  by  the  different 
anatomists;  this  being  our  fourth  contribution  to  this  particular 
chapter  of  nervous  anatomy  and  an  exhaustive  review  of  the 
literature  of  the  subject  having  figured  in  our  original  monograph* 
on  the  central  optic  or  geniculo-calcarine  fasciculus  in  1906.  We 
will  content  ourselves  with  recalling  that  Burdach's  conception  of 
the  inferior  longitudinal  bundle  has,  with  certain  modifications 
of  a  purely  anatomic  order  bearing  upon  details  of  morphology, 
relationship,  etc.,  been  shared  by  Arnold,  Sachs,  Dejerine,  von 

«  Nouvcl!c  Iconogniphic  de  La  Salpfitriire.  1906,  No.  i,  p.  103  and  No.  a.  p.  178. 
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Monakow,  Obersteiner,  Schellenberg,  Edinger,  Schaffer  and 
others. 

Flechsig  was  the  first  to  oppose  on  the  basis  of  a  well-estab- 
lished anatomic  principle,  the  sense  of  the  classic  doctrine  regard- 
ing the  physiologic  character  of  Burdach's  bundle.  As  the  result 
of  his  researches  upon  the  embryology  of  the  central  nervous 
system,  more  particularly  with  reference  to  the  period  at  which 
the  various  nerve-tracts  become  invested  with  myelin,  he  was  led 
to  contend  in  1895  ^hat  the  inferior  longitudinal  bundle  is  made 
up  exclusively  of  projection  fibres  derived  from  the  optic  thala- 
mus (inferior  segment  of  the  lateral  nucleus  and  main  nucleus 
of  the  pulvinar)  and  terminating  in  the  occipital  lobe,  more 
particularly  in  the  visual  area.  After  emerging  from  the  optic 
thalamus,  the  fibres  of  this  tract  are  intermingled  with  others 
having  the  same  source  and  destined  to  the  olfactory  area  and 
Ammon's  horn,  and  with  still  other  fibres  coming  from  the  inter- 
nal geniculate  body  and  optic  thalamus  and  coursing  to  the 
temporal  lobe  and  to  the  auditory  sphere.  Flechsig's  doctrine 
soon  gained  hearty  support  and  the  later  contributions  of 
Probst,  Niessl-Mayendorf,  Redlich  and  others  brought  it  abun- 
dant confirmation. 

Within  the  last  five  years,  a  few  authors  (Starokolitzki, 
Weber)  have  arisen  as  pacificators  to  adjust  the  ominous 
differences  between  the  old  and  the  new  School  and  have  taken 
the  very  safe  stand  of  ascribing  to  the  inferior  longitudinal 
bundle  a  mixed  character,  i.  e.,  they  claimed  that  it  contains  both 
projection  and  association  fibres. 

We  were  not  able  to  view  thus  the  constitution  of  the  afore- 
named tract  and  favored  entirely  the  new  doctrine  which  pro- 
claims it  a  purely  projection  fibre-system.  But  there  our  task 
could  not  end,  as  there  still  remained  wide  differences  between 
Flechsig's  followers  as  regards  the  exact  source,  course,  termi- 
nation and  physiologic  significance  of  the  total  mass  of  fibres 
which  go  to  make  up  the  inferior  longitudinal  bundle. 

Personally,  we  believe  that  all  the  constitutent  fibres  of  the 
inferior  longitudinal  bundle  are  of  the  projection  variety,  but 
hold  that  this  bundle  represents  not  one  but  several  individual 
tracts  comprising  both  corticiftigal  and  corticipetal  fibres  and 
that  its  constitution  varies  from  one  level  to  the  other.  Our 
main  object  has  been,  and  still  is,  to  isolate  from  the  great  mass 
of  fibres  which  compose  the  inferior  longitudinal  bundle,  a  certain 
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contingent  of  appreciable  magnitude,  and  to  clearly  demonstrate 
its  existence  as  a  perfectly  well-defined  anatomic  entity.  The 
perfect  autonomy  of  this  fasciculus  was  revealed  to  us  in  the 
course  of  our  researches  upon  the  anatomy  of  the  brain  pursued 
in  the  laboratory  of  our  teacher,  Pierre  Marie,  at  the  Hospice 
de  Bicetre,  Paris.  We  had  occasion  to  systematically  examine 
by  means  of  serial  sections  eight  cases  of  cerebral  softening  with 
involvement,  to  a  greater  or  lesser  extent,  of  the  constituent 
fibres  of  the  inferior  longitudinal  bundle.  In  the  majority  of  the 
cases,  the  lesions  were  those  characteristic  of  sensory  aphasia 
(lesion  of  the  supramarginal  and  angular  gyri  and  of  the  bases 
of  the  first  and  second  temporal  convolutions).  In  one  case,  we 
had  the  exceptional  good  fortune  of  having  to  do  with  a  strictly 
cortical  patch  of  encephalomalacia  extending  over  a  considerable 
antero-posterior  area  without  implication  of  the  deep  sagittal 
layers.  Our  results  were  constant.  We  found  that  a  significant 
proportion  of  the  longitudinal  fibres  of  Burdach  do  not  take  their 
origin  from  the  occipital  lobe  but  from  some  anterior  level,  as 
they  were  always  seen  to  degenerate  caudad,  i.  e.,  behind  the 
seat  of  lesion,  and  furthermore,  that  their  source  is  not  from 
the  cortex  of  the  temporal  lobe  (thus  eliminating  at  once  the 
possibility  of  their  being  association  fibres),  as  these  fibres  were 
not  affected  by  lesions  limited  to  the  cortex  and  subcortical  sub- 
stance of  this  lobe.  In  one  case  the  entire  occipital  cortex  and 
subcortex  were  destroyed  and  in  the  depth  of  the  lobe  one  fas- 
ciculus was  discernible  and  relatively  intact,  it  was  Burdach's 
inferior  longitudinal  bundle,  which,  at  this  level,  constitutes  like- 
wise the  external  sagittal  stratum.  The  only  conditions  under 
which  we  observed  the  degeneration  of  the  inferior  longitudinal 
bundle  in  the  occipital  lobe  were:  (a)  the  direct  section  of  the 
deep  sagittal  layers  at  anterior  levels,  and  (b)  the  existence  of 
lesions  of  the  lenticular  nucleus,  the  external  geniculate  body 
and  adjoining  portion  of  the  optic  thalamus.  In  judging  of  the 
integrity  or  implication  of  this  contingent  of  the  inferior  longi- 
tudinal bundle,  it  is  with  intent  and  purpose  that  we  choose  the 
occipital  lobe  as  the  field  of  decision,  as  we  have  ever  and  still 
deem  it  indispensable  to  make  ourselves  clear  regarding  the  exact 
proportion  of  inferior  longitudinal  fibres  which  we  wish  to  iden- 
tify under  the  name  of  central  optic  or  geniculo-calcarine  fascicu- 
lus. Ambiguity  creeps  in  unnoticed,  and  misinterpretation,  while 
a  pardonable  offense,  is  one  which  is  often  extremely  difficult  to 
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expose.  We  have  already  had  to  seriously  contend  with  the 
pernicious  effects  of  misquotation  and  are  therefore  anxious, 
even  at  the  cost  of  repetition,  to  obviate  all  possibility  of  further 
misconstruction.  This  preliminary  explanation  is  all  the  more 
important  owing  to  the  laxity  with  which  the  terms  "  inferior 
longitudinal  bundle "  and  "  stratum  sagittale  externum "  are 
used  synonymously.  We  have  from  the  very  outset  insisted 
upon  the  fact  that  the  term  tract  or  fasciculus  should  be  re- 
stricted to  the  designation  of  a  bundle  of  nerve-fibres  coursing 
over  an  appreciable  distance  and  the  territory  of  which  remains 
fairly  well  defined  throughout.  The  word  stratum  has  a  much 
wider  range  of  application  and  implies  little  more  than  mere 
regularity  of  disposition  of  a  great  mass  of  nerve-fibres  at  any 
one  point.  That  in  the  occipital  lobe  the  distinction  between 
these  terms  may  have  but  little  significance,  we  readily  admit, 
but  it  is  all  otherwise  in  the  temporal  lobe,  and  especially  in  its 
middle  portion  where  the  retrolenticular  segment  of  the  internal 
capsule  comes  into  view.  At  this  point,  indeed,  the  external 
sagittal  layer  contains  both  corticipetal  and  corticifugal  projection 
fibres,  it  likewise  harbors  a  certain  number  of  association  fibres. 
Still  farther  forward,  the  external  sagittal  layer  is  traversed  by 
the  congregating  fibres  of  the  anterior  commissure,  it  becomes 
blended  below  the  sphenoidal  horn  with  the  temporal  segment  of 
the  cingulum  and  laterally  with  the  innermost  fibres  of  the  fas- 
ciculus uncinatus.  So  that  it  becomes  evident  on  all  hands,  that 
the  stratum  sagittale  externum  of  Sachs  varies  in  its  constitution 
from  one  level  to  the  other,  that  in  the  temporal  lobe  it  differs 
materially  from  the  stratum  sagittale  externum  of  the  occipital 
lobe,  and  that,  taken  as  a  whole,  it  does  not  correspond  to  the 
classic  description  of  the  inferior  longitudinal  bundle. 

What  we  desire  to  clearly  establish  is  that  the  external  sagittal 
layer  of  the  occipital  lobe,  the  inferior  longitudinal  bundle  such 
as  it  exists  in  this  lobe,  is  composed  exclusively  of  projection 
fibres.  For  us,  this  layer  represents  the  corticipetal  complement 
of  the  occipital  corona  radiata;  its  constituent  fibres  take  their 
origin  from  the  external  geniculate  body  and  terminate  in  the 
cortex  bordering  upon  the  calcarine  fissure.  In  order  to  avoid 
useless  errors  of  interpretation  we  proposed  for  this  contingent 
of  projection  fibres  the  name  of  "  central  optic  "  or  "  geniculo- 
calcarine  fasciculus";  the  latter  term  being  more  in  harmony 
with   the   nomenclature    recently    introduced   by    Edinger,    and 
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which,  on  account  of  its  simplicity  and  anatomic  significance,  is 
fully  deserving  of  speedy  and  universal  acceptation. 

We  cannot,  in  this  connection,  dwell  at  any  length  upon  the 
facts  brought  out  in  our  previous  publication,  regarding  the  true 
character  of  the  inferior  longitudinal  bundle.  We  shall  have 
abundant  occasion  in  giving  a  detailed  description  of  three  addi- 
tional corroborative  cases  of  cerebral  softening,  to  refer  to  many 
facts  already  signalized  in  our  first  monograph,  to  emphasize 
some  and  to  elucidate  others.  But  before  we  proceed  with  the 
actual  study  of  these  cases,  it  would  be  well  perhaps  to  repro- 
duce here  our  original  conclusions  regarding  the  inferior  longi- 
tudinal fasciculus.  We  transcribe  literally  from  our  article  in 
the  Nouvelle    Iconographie    de    la    SalpHriire    (1906,    No.    2, 

p.  215)  : 

(i)  There  exists  a  nerve-tract,  the  component  fibres  of  which 
occupy  in  the  temporal  lobe,  partly  the  external,  partly  the  in- 
t^Tial  sagittal  layer,  and  which,  in  the  occipital  lobe,  constitute 
almost  the  whole  of  the  external  sagittal  layer.  This  tract,  which 
represents  the  corticipetal  corona  radiata  of  the  occipital  lobe, 
takes  its  origin  from  the  external  geniculate  body  and  terminates 
in  both  the  upper  and  lower  lips  of  the  calcarine  fissure,  but  more 
particularly  in  the  latter.  We  propose  for  this  bundle  of  fibres, 
the  name  of  "  central  optic  fasciculus  "  or  better  still  that  of 
"  geniculo-calcarine  fasciculus." 

(2)  This  tract  should  be  differentiated  from  the  association 
fibres  which  constantly  invade  its  territory.  If  for  the  sake  of 
simplicity,  usage  will  have  it  that  all  fibres  which  merely  traverse 
a  nerve-tract  form  part  of  it,  we  shall  say  that  the  inferior  longi- 
tudinal bundle  of  the  classic  authors  comprises:  (a)  the  central 
optic  fasciculus,  and  in  addition  (b)  a  certain  number  of  asso- 
ciation fibres. 

(3)  However  extensive  a  lesion  of  the  occipital  lobe  may  be, 
a  normal  aspect  is  resumed  at  the  level  of  the  anterior  temporal 
region,  and  we  do  not  recognize  the  existence  in  man  of  the  long 
association  fibres  of  classic  writers. 

Recently,  in  a  very  interesting  and  instructive  article,  Adolf 
Meyer^  brings  forth  additional  data  of  unquestionable  significance 
in  demonstrating  the  correctness  of  Flechsig's  view,  that  the  ex- 
ternal sagittal  layer,  or  marrow,  as  he  calls  it,  is  constituted  solely 

'Transactions  of  the  Association   of   American  physicians.     Twenty-second   Setaioik« 
1007,  Volume  XXII.     Philadelphia,  1907. 
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by  projection  fibres  derived  from  the  basal  ganglia  and  coursing 
for  the  most  part  to  the  occipital  lobe,  particularly  to  th€  calcarine 
cortex.  But  Meyer  falls  into  error  when  he  attributes  to  Flech- 
sig  the  designation  of  these  fibres  by  the  term  "  geniculo-calcarine 
tract."  We  have  already  seen  that  this  author  regards  the  optic 
thalamus  as  the  starting  point  of  the  external  sagittal  layer;  prudent 
and  circumspect  he  does  not  grant  the  entire  domain  of  this  layer 
to  the  fibres  destined  to  the  visual  area,  wherein  he  differs  ma- 
terially from  Meyer,  but  includes  the  fibres  going  to  the  temporal 
lobe,  more  particularly  to  the  auditory  and  olfactory  areas.  I 
believe  that  I  may  be  credited  with  having  introduced  the  term 
"  geniculo  calcarine  fasciculus  "  and  I  am  sure  that  I  did  not 
employ  it  as  a  synonym  for  the  external  saggital  layer  in  its 
entirety,  but  for  its  occipital  segment  only.  Meyer  makes  it  a 
point  to  dwell  upon  a  case  which,  in  his  opinion,  incidentally 
serves  to  correct  a  claim  raised  by  me  that  retrograde  degenera- 
tion does  not  occur  and  that  its  appearance  is  produced  by  a  lesion 
in  the  lenticular  region.  He  refers  to  a  lesion  which  consists 
of  a  destruction  of  the  posterior  end  of  the  calcarine  area  and 
an  undermining  of  the  more  anterior  parts  of  the  temporo- 
occipital  base  far  into  the  fusiform  gyrus,  from  occlusion  of  the 
posterior  cerebral  artery.  The  actual  softening  reaches  far  into 
the  optic  radiations  beyond  the  lateral  angle  of  the  ventral  seg- 
ment and  into  the  height  of  the  dorsal  segment  and  it  destroys 
completely  the  posterior  end  of  the  lateral  radiation.  In  keeping 
with  this  the  external  geniculate  body  is  practically  empty ;  only 
the  most  dorsal  radiations  are  preserved  as  a  compact  bimdle; 
the  rest  are  almost  reduced  to  nothing.  The  entire  ventral  por- 
tion which  makes  the  temporal  detour  is  degenerated.  No  len- 
ticular lesion  accounts  for  the  degeneration  of  the  geniculo- 
calcarine  tract. 

In  the  first  place,  I  wish  to  correct  in  my  turn  the  author's 
interpretation  of  my  statements  concerning  retrograde  degen- 
eration. I  have  not  only  never  maintained  that  it  does  not 
occur  but  have  even  related  two  instances  in  which  it  had  been 
personally  observed.'  What  I  have  tried  to  do  was  merely  to 
point  out  the  too  great  laxity  with  which  retrograde  degeneration 
is  invoked  in  order  to  easily  account  for  otherwise  unclear  degen- 
erative pictures  and  the  danger  of  doing  so  when  discussing  in- 

'  Nouvelle  Iconographie  de  La  Salp^tri^re,  1906.  No.  6,  p.  573.     Nouvelle  Iconographie 
de  La  Salpdtri^e  1906,  No.  a,  pp.  185-188. 
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sufficiently  established  fibre-systems.  In  the  second  place,  in 
describing  one  of  my  original  cases,  I  attributed  a  zone  of  sclero- 
sis situated  in  the  inferior  part  of  the  vertical  segment  (frontal 
section)  of  the  external  sagittal  layer  and  which  could  be  dis- 
tinctly followed  throughout  the  temporo-occipital  lobe,  to  a  de- 
structive lesion  of  the  lenticular  nucleus,  and  there  is  no  question 
in  my  mind  about  the  correctness  of  this  interpretation;  the 
sclerotic  field  emerges  from  the  lower  angle  of  a  completely  de- 
stroyed lenticular  body,  and  from  the  inner  border  of  this  nucleus, 
the  fibres,  although  atrophic,  stain  relatively  well  and  can  be 
seen  to  curve  backward  and  mesially  towards  the  external  genic- 
ulate body.  ' 

I  am  not  of  those  who  believe  that  the  degenerative  sclerosis 
of  a  given  tract  must  necessarily  always  be  explained  by  the  same 
factor  or  group  of  factors.  Lesions  vary  greatly  in  different 
cases  as  regards  both  their  actual  extent  and  duration.  Meyer's 
contention  that  in  the  first  case  published  by  him  (case  of  idiocy 
with  total  destruction  of  the  parietal,  temporal  and  occipital  lobes 
of  the  left  hemisphere,  with  the  exception  of  the  posterior  part 
of  the  calcarine  cortex  including  the  tip  of  the  occipital  lobe), 
the  geniculo-calcarine  tract  appears  in  pure  culture  seems  to 
me  inadmissible.  The  voluminous  stratum  of  fibres  which  figures 
in  the  three  plates  devoted  to  the  illustration  of  this  case,  con- 
tains, in  my  opinion,  other  fibres  besides  the  geniculo-calcarine; 
fibres  destinated  to  the  first  temporal  convolution  and  to  the 
mesial  convolutions  of  the  temporal  lobe,  to  the  gyrus  hippocam- 
pus in  particular.  The  fact  that  there  is  no  temporal  cortex  to 
receive  some  of  them  is  not  unmistakable  evidence  that  all  of 
these  fibres  are  coursing  to  the  calcarine  cortex.  In  fact,  the 
same  remark  could,  with  perfect  reason,  be  made  regarding  the 
mesial  occipital  cortex ;  there  is  too  little  of  it  left  to  harbor  the 
great  mass  of  relatively  healthy  geniculo-calcarine  fibres  present, 
and  therefore  to  explain  the  persistence  of  this  tract  en  tnasse. 
Moreover,  I  do  not  believe  it  indispensable  that  both  the  beginning 
and  the  end  of  a  tract  be  intact  in  order  that  it  may  persist,  but 
that  it  will  do  so  if  its  nucleus  of  origin  is  intact  and  the  tract 
itself  is  not  directly  involved  in  the  greater  part  of  its  course. 
If  it  were  otherwise,  we  would  see,  in  Meyer's  case,  a  far  less 
voluminous  stratum  of  corticipetal  fibres;  being  g^ven  that  an 
appreciable  portion  of  the  calcarine  area  is  destroyed.  It  is  even 
remarkable  that  retrograde  degeneration  has  not,  being  given 
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that  this  case  is  one  of  long  standing,  made  its  appearance  in 
this  particular  instance.  I  am  of  the  opinion  that  in  Meyer's 
most  instructive  case,  in  the  same  way  that  a  large  number  of 
geniculo-calcarine  fibres  are  preserved  despite  their  destination  to 
a  no  longer  existing  segment  of  the  calcarine  cortex,  so  exist  like- 
wise in  this  persisting  stratum  of  corticipetal  fibres,  a  certain 
proportion  of  fibres  coursing  to  a  destroyed  temporal  cortex. 
The  fibres  simply  terminate  abruptly  in  the  peri-focal  sclerotic 
zone  without  having  reached  their  anatomo-physiologic  end- 
station. 

Let  us  now  take  up  systematically  the  study  of  the  three  new 
cases  of  cerebral  softening  referred  to  before  and  which  seem  to 
us  to  integrally  confirm  our  original  conclusions  regarding  the 
external  sagittal  layer  of  the  occipital  lobe. 

Case  I.  Tracnard.  Left  cerebral  hemisphere.  (PL  I)  Patch  of  soft- 
ening involving  the  supramarginal  gyrus,  the  base  of  the  first  temporal 
convolution,  the  whole  of  the  angular  gyrus  and  the  adjoining  portion 
of  the  second  occipital  convolution. 

A  section  carried  through  the  occipital  region  at  a  point  about  one 
centimeter  behind  the  splenium  corporis  callosi  shows  that  the  lesion 
has  extended  deeply  into  the  white  matter  and  destroyed  all  the  structures 
bordering  upon  the  superior  wall  and  the  upper  two-fifths  of  the  lateral 
wall  of  the  ventricle.  On  section  through  the  splenium,  it  is  seen  that  the 
lesion  has  excavated  practically  the  whole  of  the  supramarginal  gyrus 
and  the  first  temporal  convolution  at  their  point  of  fusion,  sparing  the 
cortex,  however,  so  that  a  mere  shell  of  cortical  substance  replaces  the 
former  convolutions.  The  process  here  again  extends  as  far  as  the  ven- 
tricular lining  in  the  area  corresponding  to  the  upper  half  of  the  lateral 
wall  of  the  ventricle,  which  at  this  point  shows  decided  dilatation.  The 
tapetum  and  sagittal  layers  are  therefore  completely  destroyed  in  their 
upper  segment.  More  anteriorly,  the  lesion  rapidly  diminishes,  becoming 
limited  to  the  lower  border  of  the  supramarginal  gyrus  and  the  upper 
border  of  the  first  temporal  convolution  in  the  depth  of  the  Sylvian 
fissure.  Sections  passing  through  the  hemisphere  at  a  point  one  and  five- 
tenths  centimeters  behind  the  pulvinar  of  the  optic  thalamus  reveal  no 
appreciable  foci.  Small  patches  of  recent  softening  are  also  noted  along 
the  superior  border  of  the  hemisphere,  involving  at  some  points  the 
mesial  cortex,  at  others,  the  subcortex,  of  the  paracentral  lobule  and  base 
of  the  superior  frontal  convolution;  but  the  latter  lesions  do  not  interest 
us  as  they  have  no  bearing  upon  the  question  under  consideration  and 
cannot,  moreover,  lend  any  element  of  confusion. 

The  first  section  illustrating  this  case  (PI.  I,  Fig.  i)  is  taken  from  the 
anterior  part  of  the  occipital  lobe.  The  lesion  at  this  level  destroys 
entirely  the  angular  gyrus  and  the  second  occipital  convolution  at  about 
their  point  of  fusion,  penetrating   deeply  and  reaching  almost  to  the 
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stratum  calcarinum  which  stretches  over  the  prominence  (calcar  avis) 
caused  by  the  dipping  in  of  the  calcarine  fissure.  The  ventricle  is  pre- 
maturely closed  (symphysis  ventriculi).  The  Gennari  streak  can  be  seen 
with  unusual  distinctness.  The  softening  has  destroyed  the  tapetum,  the 
internal  and  external  sagittal  layers,  corresponding  to  the  dorsal  or  upper 
half  of  what  may  be  termed  the  lateral  segment  of  these  structures.  It 
will  be  seen  that  owing  to  the  closure  of  the  occipital  horn,  the  deep 
layers  have  practically  but  a  vertical  extent  and  that  they  are  divisible 
into  a  mesial  and  a  lateral  segment,  between  which  the  tapetum  intervenes. 
In  the  lower  part  of  the  section  and  going  outward  from  the  bottom 
of  the  calcarine  fissure,  we  can  distinguish  several  layers  regularly  dis- 
posed: (i)  a  broad  band  completely  degenerated  which  represents  the 
tapetum,  (2)  the  internal  sagittal,  layer  or  inner  optic  radiation  of  Flech- 
sig,  derived  from  the  occipital  cortex  and  coursing  to  the  pulvinar  of  the 
optic  thalamus.  It  is  moderately  and  diffusely  degenerated,  owing,  in 
part,  to  the  presence  of  fibres  derived  from  the  lateral  convolutions  of 
the  occipital  pole  which  are  themselves  undermined  by  the  softening, 
and,  in  part,  to  its  close  proximity  to  the  lesion  at  this  level.  (3)  The 
external  sagittal  layer,  which  in  this  region  is  constituted  essentially  by 
the  geniculo-calcarine  tract.  The  ventral  segment  of  this  tract  is  prac- 
tically normal,  as  it  has  not  been  involved  at  any  point  in  its  course 
through  the  more  frontal  regions.  (4)  Closely  investing  the  geniculo- 
calcarine  fasciculus  externally  and  almost  blended  with  it,  a  narrow  band 
may  be  seen  on  close  inspection;  it  is  distinctly  degenerated  and  may  be 
followed  with  the  external  sagittal  layer  into  the  depth  of  the  lingual 
lobule.  This  outermost  layer  contains  association  fibres  derived  from  the 
lateral  convexity  and  coursing  to  the  lingual  lobule.  It  is  thus  made  up 
of  fibres  which  form  part  of  the  association  bundles  known  as  Wemidce's 
perpendicular  occipital  fasciculus  and  Vialet's  transverse  fasciculus  of 
the  lingual  lobule.  From  the  regularity  of  its  disposition  ODt  would 
almost  be  tempted  to  describe  a  stratum  sagittaU  extremum  occipitale. 
It  is  not  the  first  time  that  I  see  the  deep  association  fibres  of  the  occipi- 
tal lobe  assume  this  layer-like  disposition,  and  this  fact  amply  suffices, 
in  my  opinion,  to  explain  the  many  difficulties  encountered  by  the  earlier 
wViters  in  their  attempts  to  define  the  character  of  the  external  sagittal 
layer.  It  shows  once  more  the  pcrplexingly  intimate  relationship  between 
projection  and  association  fibres. 

Von  Monakow  illustrates  in  his  work*  the  occipital  degeneration  in  a 
case  of  cortical  hemianopsia.  The  lesion,  situated  in  the  interparietal 
fissure,  almost  completely  destroys  the  upper  segment  of  the  angular 
g3rrus  and  the  contiguous  portion  of  the  superior  parietal  convolution, 
dipping  do¥m  to  the  ventricular  ependyma  of  the  superior  wall  of  the 
occipital  horn.  The  drawing  shows  a  degeneration  of  the  entire  external 
sagittal  layer  (which  the  author  calls  the  inferior  longitudinal  bundle), 
so  that  a  degenerated  ring  practically  encircles  the  ventricular  horn.  The 
degenerated  fibres  must  therefore  pursue  a  vertical  course  and  can  only 

*  Von  Monakow-Oehirnpathologie  p.  75a.  Taken  from  NothnagrJ's  Specielle  Pathologi» 
u.  Therapie,  IX  Band.  Wien  xgoS- 


Digitized  by  VjOOQ IC 


< 

a, 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Lu\  SALLE  ARCHAMBAULT  1 27 

represent  the  association  fibres  of  the  region.  We  know  indeed  from 
the  direction  of  the  constituent  fibres  of  the  external  sagittal  layer,  that 
it  is  impossible  for  a  lesion  limited  to  the  superior  convolutions  of  the 
parieto-occipital  convexity  to  determine  a  secondary  degeneration  of  the 
total  mass  of  its  fibres.  It  can  only  react  upon  the  fibres  of  its  dorsal 
segment.  It  thus  becomes  evident  that  in  von  Monakow's  case,  the 
degenerated  fibres  do  not  form  part  of  the  external  sagittal  layer, 
properly  speaking,  but  that  they  simply  closely  invest  it  externally;  a 
conclusion,  moreover,  which  one  would  readily  deduce  from  a  careful 
study  of  the  drawing.  It  is  well  to  recall,  in  this  connection,  that  von 
Monakow  is  among  those  who  regard  the  external  sagittal  layer  as  an 
association  tract,  and  it  may  further  be  stated,  that  the  same  author  does 
not  recognize  the  existence  of  Wernicke's  vertical  occipital  fasciculus. 
This  combination  of  factors  largely  suffices  to  explain  vOn  Monakow's 
interpretation  of  the  degenerative  picture  in  his  case.  It  seems  to  me, 
however,  that  he  has  by  this  very  instance  furnished  a  most  convincing 
demonstration  of  the  existence  of  Wernicke's  bundle.  It  is  because  von 
Monakow's  case  closely  resembles  ours,  particularly  with  regard  to  the 
occasional  development  of  an  extreme  sagittal  layer  of  association  fibres, 
that  we  have  thought  it  useful  to  insert  right  here  this  extrinsic  discussion. 
The  next  section  (PL  I,  Fig.  2)  is  one  through  the  anterior  part  of 
the  splenium  of  the  corpus  callosum,  near  the  point  where  it  lodges 
anteriorly  the  body  of  the  fornix.  The  splenium  shows  a  very  consider- 
able degeneration  of  its  central  portion.  The  descending  horn  of  the 
lateral  ventricle  is  appreciably  dilated.  The  lesion  has  already  retroceded 
in  great  part  and  is  now  confined  to  the  edges  of  the  Sylvian  fissure, 
destroying  the  superior  border  of  the  first  teifiporal  convolution  in  the 
depth  of  the  fissure,  and  the  outermost  segment  of  the  inferior  border 
of  the  supramarginal  gyrus.  Very  small  foci  of  softening  may  be 
seen  in  the  subcortex  of  the  paracentral  lobule.  There  is  no  longer  any 
actual  implication  of  the  deep  sagittal  layers.  The  tapetum  is  very 
thin  and  greatly  degenerated  along  the  lateral  ventricular  wall.  The 
corona  radiata  of  the  parietal  lobe  is  easily  distinguishable,  and  micro- 
scopically, it  may  be  seen  to  send  many  fibres  to,  or  else  receive  the  same 
from,  the  paracentral  lobule.  Corresponding  to  the  temporal  lobe,  three 
strata  can  be  differentiated  outside  the  ventricular  wall:  the  tapetum, 
the  internal  and  the  external  sagittal  layers.  A  point  especially  worthy 
of  consideration,  and  one  upon  which  I  have  previously  laid  much 
stress  is,  that  opposite  the  deep  substance  of  the  first  temporal  convolu- 
tion, there  occurs  a  gradual  transposition  of  the  constituent  fibres  of  both 
sagittal  layers;  that  is  to  say,  the  fibres  of  the  external  sagittal  stratum 
are  pressed  inward  towards  the  ventricular  wall  and  crowded  against 
the  lower  pole  and  lateral  border  of  the  sphenoidal  prolongation  of  the 
caudate  nucleus,  while  the  fibres  of  the  internal  sagittal  layer  pass  out- 
ward and  above  the  former,  occupying  both  the  external  and  internal 
sagittal  layers.  This  interchange  of  domain  is  a  slow  but  steadily 
progressive  one,  beginning  posteriorly  at  a  point  which  corresponds  ap- 
proximately to  the  termination  of  the  fissure  of  Sylvius,  and  continuing 
as  far  forward  as  the  level  of  the  pulvinar  of  the  optic  thalamus.    There 
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is  no  section  in  my  possession  which  illustrates  this  point  as  clearly  as 
that  actually  under  consideration.  We  note,  between  the  ventricular  wall 
and  the  bottom  of  the  Sylvian  fissure,  a  broad  zone  of  degeneratioii 
which  occupies,  above,  the  territory  of  both  the  external  and  internal 
sagittal  layers;  it  then  extends  obliquely  downward  and  outward,  en- 
croaching less  and  less  upon  the  internal  and  occupying  more  and  more 
the  external  sagittal  layer,  until  it  reaches  a  point  opposite  the  parallel 
fissure,  where  it  is  seen  to  cross  obliquely  the  thickness  of  the  external 
sagittal  layer,  normal  at  this  point,  and  to  wend  its  way  towards  the 
tntemal  layer.  Bearing  in  mind  the  extent  of  the  lesion  in  the  occipital 
lobe,  it  is  evident  that  this  broad  degenerated  band  contains,  before  all, 
the  thalamic  radiations  which  have  been  intercepted  in  their  course  from 
the  calcarine  and  other  areas  of  the  occipital  cortex  to  the  optic  thalamus. 
Only  a  small  proportion  of  geniculo-calcarine  fibres  have  been  severed, 
and  even  retrog^rade  degeneration  could  not  account  for  the  marked 
degenerative  sclerosis  observed  at  this  point  in  the  external  sagittal 
layer.  Moreover,  it  must  be  stated  that  the  case  is  not  one  of  long 
standing,  and  not  one,  therefore,  likely  to  determine  a  very  appreciable 
degree  of  retrograde  degeneration.  Furthermore,  as  we  shall  see  later, 
this  degenerated  area  disappears  about  the  pulvinar  and  dorsal  nucleus 
of  the  optic  thalamus,  the  anterior  corpus  quadrigeminum  and  the  in- 
ternal geniculate  body.  No  appreciable  degeneration  can  be  followed  to 
the  external  geniculate  body,  nor  is  this  nucleus  the  seat  of  any  atrophy. 
I  have  always  maintained  that  the  external  sagittal  layer  of  the  temporal 
lobe  differs  materially  from  that  of  the  occipital  lobe,  and  that  it  is 
erroneous  to  look  upon  the  external  sagittal  layer  throughout,  as  a  struc- 
ture of  unvarying  character,  as  an  anatomo-ph3rsiologic  entity.  This 
section  clearly  demonstrates  that  in  the  temporal  lobe  the  external  sagit- 
tal layer  contains  something  else  besides  the  geniculo-calcarine  fibres.  We 
have  just  seen  that  it  harbors  the  migrating  occipital  radiations;  in  addi- 
tion, it  receives  fibres  derived  from  the  first  temporal  convolution  and 
coursing  to  the  optic  thalamus  and  internal  geniculate  body.  I  believe 
that  it  likewise  contains  fibres  which  take  their  origin  from  the  basal 
ganglia  and  go  to  the  mesial  cortex  of  the  temporal  lobe,  more  particularly 
to  the  gjrrus  hippocampus.  The  very  particular  transposition  which  takes 
place  between  the  thalamic  radiations  and  the  fibres  of  the  external 
sagittal  layer  appears  to  me  to  be  a  most  logical  process ;  as  they  approach 
their  end  nuclei  (pulvinar  and  anterior  corpus  quadrigeminum),  these 
cortical  radiations  take  the  shortest  route  and  assume  the  disposition 
which  will  ensure  free  irradiation  into  them,  crowding  back  temporarily, 
so  to  speak,  the  other  fibres  whose  connections  are  situated  at  more 
anterior  levels. 

The  folk>wing  section  (PI.  I,  Fig.  3)  passes  through  the  most  posterior 
portion  of  the  superior  frontal  convolution,  the  ascending  frontal  and 
parietal  convolutions,  the  middle  portion  of  the  temporal  lobe,  the  anter- 
ior corpus  quadrigeminum,  the  optic  thalamus,  the  internal  geniculate 
body,  the  posterior  capsule  of  the  external  geniculate  body,  the  retro- 
lenlicalar  segment  of  the  internal  capsule  and  the  body  and  ^henoidal 
horn  of  the   lateral  ventricle.    Small   patches  of  encephalomalada  are 
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again  observed  in  the  cortex  and  subcortex  of  the  superior  border  of 
the  hemisphere,  involving  the  base  of  the  superior  frontal  convolution 
and  having  determined  an  appreciable  pallor  of  the  corona  radiata  and  of 
the  deep  substance  of  the  supra- Sylvian  convolution  (projection  and 
association  fibres).  At  this  level,  the  temporal  lobe  appears  normal  save 
for  the  presence  of  areas  of  degeneration.  The  deep  substance  of  the 
first  temporal  convolution  is  appreciably  degenerated  owing  to  the  inter- 
ruption, in  more  posteriorly  situated  regions,  of  the  association  fibres 
which  terminate  in  its  cortex.  The  lower  part  of  the  retrolenticular  seg- 
ment and  the  sublenticular  segment  of  the  internal  capsule  show  a  very 
decided  degree  of  degenerative  sclerosis.  It  is  seen  that  this  degenerated 
area  forks  when  it  reaches  Wernicke's  field,  one  division  containing  the 
radiations  of  the  destroyed  parietal  convolutions  continuing  upward  out- 
side the  lamina  medullaris  externa  of  the  optic  thalamus  to  terminate  in 
the  dorsal  nucleus  of  this  body;  the  other  containing  the  radiations  of 
the  first  temporal  convolution  passing  horizontally  inward  through  the 
superior  portion  of  Wernicke's  field,  above  and  behind  the  external  genic- 
ulate body,  to  finally  irradiate  into  the  substance  of  the  internal  geniculate 
body,  which  shows  a  very  appreciable  degree  of  discoloration  and  atrophy. 
Likewise  to  be  noted,  is  the  discoloration  more  particularly  of  the  middle 
layer  of  the  anterior  corpus  quadrigeminum,  resulting  from  involvement 
of  the  radiations  derived  from  the  visual  area. 

Case  II.    Can....     (PI.  II  and  III). 

Extensive  patch  of  softening  from  obliteration  of  the  left  Sylvian 
artery.  The  lesion,  one  of  long  standing,  destroys  the  deep  substance 
of  the  Sylvian  border  of  the  base  of  the  ascending  parietal  convolution, 
the  inferior  gyri  of  the  island  of  Reil,  practically  the  whole  of  the  supra- 
marginal  gyrus,  the  most  anterior  portion  of  the  angular  gyrus,  the 
greater  part  of  the  first  temporal  convolution  and  its  accessory  superior 
Sylvian  lobule  (circonvoluHon  temporale  profonde  of  D^jerine)  and  the 
deep  substance  of  the  posterior  two-thirds  of  the  second  temporal  convolu- 
tion. A  small  focus  of  softening  is  also  found  in  the  deep  substance  of 
the  anterior  extremity  of  the  gyrus  hippocampus.  A  section  taken  at  the 
level  of  the  descending  horn  of  the  lateral  ventricle  (PI.  II,  Fig.  3) 
shows  that  the  lesion  has  peculiarly  respected,  in  great  part,  the  cortex, 
but  widely  destroyed  the  white  matter,  dipping  down  at  several  points 
practically  to  the  lateral  ventricular  wall  and  severing  along  almost  its 
entire  vertical  extent  the  deep  sagittal  layers,  save  at  the  infero- 
extemal  angle.  Corresponding  to  the  middle  portion  of  the  ventricular 
wall,  it  will  be  seen  that  although  the  softening  does  not  extend  as 
deeply  at  this  point,  there  remains  but  a  sclerotic  area  absolutely  devoid 
of  medullated  fibres,  as  this  very  territory  is  itself  involved  at  slightly 
posterior  levels. 

The  first  section  (PI.  II,  Fig.  i)  is  taken  from  the  posterior  part  of  the 
occipital  lobe.  This  lobe,  it  will  be  remembered,  is  absolutely  free  from 
lesion.  At  once  it  is  seen  that  the  degenerative  sclerosis  is  strictly  con* 
fined  to  the  domain  of  the  external  sagittal  layer.  Close  inspection  will 
show  that  it  forms  practically  a  complete  ring,  although  evidently  very 
irregular  in  contour,  having  somewhat  the  shape  of  the  letter  L,  enclosing 
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the  tapetum  and  optic  radiation  which  at  this  point  are  normal.  The 
section  passes  immediately  behind  the  tip  of  the  occipital  horn,  whidi 
in  this  case  is  prematurely  closed,  so  that  the  apposed  ventricular  walls 
simply  form  a  vertical  septum  upon  which  border,  on  either  side,  the 
tapetum,  the  internal  and  external  sagittal  layers.  The  tapettmi  in  the 
actual  section  may  be  recognized  as  a  deeply-staining  line  extending  ver- 
tically through  the  middle  of  the  area  marked  out  by  the  degenerated 
band.  On  either  side  of  it  a  broader  and  less  deeply-stained  layer  can 
be  made  out  which  represents  the  optic  radiation  of  cortical  derivation; 
it  is  especially  distinct  along  the  lateral  margin  of  the  vertical  segment 
and  in  the  short  transverse  inferior  segment  of  the  field  under  consider- 
ation. The  external  sagittal  layer  is  so  sharply  isolated  as  the  result  of 
secondary  degeneration  that  it  would  seem  to  have  been  traced  with  the 
pomt  of  a  pin.  It  is  constituted  essentially  by  the  fibres  of  the  geniculo- 
calcarine  fasciculus,  which  at  more  anterior  levels  have  been  practically 
totally  wiped  out  by  the  softening  above  described.  This  secticMi  shows 
that  in  the  occipital  lobe,  these  fibres  are  much  more  abundant  in  the 
ventral  segment  of  the  external  sagittal  layer  than  in  its  dorsal  segment, 
which  can  be  seen  to  consist  of  a  mere  line,  describing  a  sort  of  conic 
figure  as  it  caps  over  the  tapetum  and  then  descends  along  its  mesial 
aspect  and  just  without  the  stratum  calcarinum  previous  to  its  irradiation 
into  the  cortex  of  the  cuneate  lip  of  the  calcarine  fissure.  I  have  had 
occasion  several  times  to  observe  a  massive  degeneration  of  either  the 
ventral  or  dorsal  segment  of  the  occipital  external  sagittal  layer,  but  this 
is  the  first  time  that  I  see  this  layer  degenerated  in  its  entirety  in  an 
otherwise  perfectly  healthy  occipital  lobe. 

The  following  section  (PI.  II,  Fig.  2)  passes  through  a  more  anterior 
part  of  the  occipital  lobe.  Symphysis  of  the  occipital  horn  here  again 
obtains,  but  the  formation  of  the  forceps  major  of  the  corpus  callosum 
lodged  in  the  deep  substance  of  the  cuneus  is  plainly  visible.  Its  con- 
tinuation inferiorly  as  the  tapetum  is  still  to  be  distinguished  owing  to 
its  deeply-staining  reaction,  and  appears  as  a  dark  line  extending  at  first 
vertically  downward,  then  curving  mesially  beneath  the  bottom  of  the 
calcarine  fissure  and  penetrating  into  the  depth  of  the  lingual  lobule. 
To  its  outer  side,  and  within  the  outermost  completely  degenerated  band, 
the  internal  sagittal  layer  of  cortical  radiations  can  be  made  out;  it  is 
diffusely  degenerated  owing  to  the  influence  of  retrograde  changes  as 
we  are  nearing  the  seat  of  lesion.  Finally,  we  observe  again  the  extreme 
sclerosis  of  the  external  sagittal  layer  (geniculo-calcarine  fasciculus), 
which  is  almost  as  sharply  defined  as  in  the  preceding  section.  Yet,  it  is 
to  be  noted,  that  both  the  superior  and  inferior  transverse  segments  of 
this  sclerotic  band  are  not  strictly  confined  to  the  domain  of  the  external 
layer.  Above,  the  degenerated  fibres  are  seen  to  closely  invest  the  for- 
ceps major,  passing  therefore  through  the  internal  sagittal  layer;  below, 
the  broad  degenerated  band  of  geniculo-calcarine  fibres  destined  to  the 
lingual  lobule  is  interrupted,  so  to  speak,  at  two  points,  by  normal  fasci- 
culi. The  more  lateral  one  contains  but  a  small  number  of  fibres  and 
truly  belongs  to  the  geniculo-calcarine  tract;  it  has  simply  escaped  in- 
volvement in  its  long  course  through  a  partly  softened,  partly  sclerotic 
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territory.  The  more  mesially  situated  healthy  fasciculus  is  much  more 
considerable  and  does  not  belong  to  the  geniculo-calcarine  tract,  but  is 
formed  of  cortical  optic  radiations.  Careful  study  will  show,  indeed, 
that  to  the  inner  side  of  the  lateral  normal  fasciculus,  the  degenerated 
line  no  longer  follows  the  external  layer,  but  sinks  into  the  internal 
layer  close  to  lingual  segment  of  the  tapetum,  and  through  this  channel 
irradiates  into  the  lower  lip  of  the  calcarine  fissure,  the  deep  substance 
of  which  may  be  seen  to  be  appreciably  degenerated  in  consequence. 
So  that,  if  it  may  be  said  that  the  lateral  or  vertical  segment  of  the 
occipital  external  sagittal  layer  is  constituted  essentially  by  corticipetal 
fibres,  or  more  accurately,  by  the  geniculo-calcarine  fibres,  differing  thus 
very  materially  from  the  corresponding  segment  of  the  internal  sagittal 
layer  which  contains  before  all  corticifugal  fibres,  or  the  thalamic  radia- 
tions of  the  occipital  cortex,  the  same  differentiation  cannot  be  made  with 
regard  to  the  dorsal  and  ventral  mesially-directed  segments  of  these 
layers.  The  fibres  of  the  geniculo-calcarine  tract  situated  at  both  the 
superior  and  inferior  angles  of  the  lateral  segment  of  the  external 
sagittal  layer,  in  order  to  reach  their  field  of  irradiation,  i.  e.,  the 
cortex  bordering  upon  the  calcarine  fissure,  naturally  follow  the  shortest 
course  which  is  via  the  internal  sagittal  layer.  They  necessarily  mingle 
with  the  optic  radiations  and  even  crowd  the  latter  aside  on  arriving 
close  to  their  point  of  arborization,  so  that  in  the  depth  of  the  cuneate 
and  lingual  lobules,  the  internal  layer  is  occupied  more  particularly  by  the 
terminating  than  by  the  originating  fibres.  This  feature,  moreover,  is 
the  rule  throughout  the  cerebro-spinal  axis.  We  have  already  seen  a 
similar  disposition  at  the  level  of  the  optic  pulvinar  between  the  terminat- 
ing thalamic  radiations  and  the  emerging  geniculo-calcarine  fibres. 

The  pallor  of  the  deep  substance  of  the  lateral  convolutions,  more  par- 
ticularly of  the  angular  gyrus  and  second  occipital  convolution,  is  due, 
in  great  part,  to  the  interruption  at  slightly  anterior  levels  of  a  large 
number  of  association  fibres.  The  peculiar  cribriform  appearance  of  the 
subcortex  of  the  second  occipital  convolution  is  a  common  finding,  in  my 
experience,  in  regions  which  are  themselves  intact  but  which  have  been 
long  deprived  of  their  afferent  medullated  fibre-systems.  Microscopically, 
Wernicke's  vertical  occipital  bundle  is  clearly  demonstrable  opposite  the 
second  and  third  occipital  convolutions,  and  the  same  may  be  said  of 
Sachs's  fasciculus  proprius  cunei  which  is  plainly  appreciable  even  in  this 
figure;  the  mesially-directed  dorsal  segment  of  the  degenerated  geniculo- 
calcarine  tract  separating  it  from  the  forceps  major  of  the  corpus  cal- 
losum. 

The  next  section  (PI.  II,  Fig.  3)  has  already  been  considered  in  the 
general  description  of  the  lesion  of  this  case.  There  is  complete  destruc- 
tion of  the  supramarginal  gyrus  and  first  temporal  convolution  and 
extensive  undermining  of  the  second  temporal  convolution.  At  the  in- 
fero-cxtemal  angle  of  the  ventricle,  the  deep  sagittal  layers  can  be 
plainly  recognized  and  ascend  for  a  very  short  distance  along  the  lateral 
ventricular  wall,  terminating  above  in  a  field,  which,  although  bordering 
directly  upon  a  cavitary  focus,  contains  a  fair  number  of  well-stained 
fibres  which  have  peculiarly  escaped  destruction.    This  island  of  healthy 
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fibres  belongs,  in  great  part,  to  the  genicnlo-calcarine  tract  and  is  identical 
with  the  normal  lateral  fasciculus  described  in  the  preceding  section  in 
connection  with  the  external  sagittal  layer.  Below  this  field,  the  sagittal 
layers  are  totally  degenerated  and  seem  continuous  with  the  equally 
totally  degenerated  subventricular  segment  of  the  internal  sagittal  layer. 
Microscopically,  it  is  seen  that  this  sclerosis  extends  mesially  into  the 
depth  of  the  gyrus  hippocampus;  so  that  it  may  be  safely  assumed  that 
at  this  level,  the  external  sagittal  layer  contains  a  certain  number  of 
fibres  which  go  to  the  mesial  convolutions  of  the  temporal  lobe  via  the 
subventricular  segment  of  the  internal  sagittal  layer.  The  corresponding 
segment  of  the  external  sagittal  layer  is  relatively  normal  and  well- 
developed;  we  are  of  the  opinion  that  in  this  region  there  enters  into  its 
formation,  aside  from  the  geniculo-calcarine  tract,  a  large  number  of 
fibres  derived  from  the  mesial  convolutions,  more  particularly  from  the 
gyrus  hippocampus.  A  certain  proportion  of  these  may  perhaps  follow 
an  inverse  course,  going  to  the  same  region  from  the  basal  ganglia. 

A  section  taken  at  the  level  of  the  pulvinar  of  the  optic  thalamus 
(PI.  Ill,  Fig.  4)  shows  the  extreme  discoloration  and  atrophy  of  this 
body,  resulting  from  interruption  of  the  g^eat  majority  of  the  ocdpital 
radiations.  The  anterior  corpus  quadrigeminum  being  connected  with  the 
thalamus  at  this  point,  it  is  readily  seen  that  the  secondary  degenerative 
sclerosis  traverses  the  entire  breadth  of  the  pulvinar  passing  directly  into 
the  superficial  and  middle  zones  of  the  colliculus,  and  that  it  may  even 
be  followed  into  the  quadrigeminal  commissure  as  far  as  the  mesial  line. 
The  only  region  of  the  pulvinar  which  contains  normal-staining  fibres  is 
that  situated  at  its  infero-external  angle;  it  corresponds  to  the  external 
retro-geniculate  area  and  forms  the  lower  part  of  what  is  classically 
known  as  the  triangular  field  of  Wernicke.  The  fibres  which  constitute 
this  normal  area  take  their  origin,  for  the  most  part,  from  the  external 
geniculate  body.  The  remaining  mesial  segment  of  the  lower  border 
corresponds  to  the  internal  retro-geniculate  field;  it  is  exceptionally  de- 
generated and  shrunken  as  it  receives  the  cortical  radiations  of  the  first 
temporal  convolution,  which,  as  we  have  already  seen,  is  destroyed  in  the 
greater  part  of  its  extent.  The  lesion  at  this  point  involves  the  S3rlvian 
border  of  the  ascending  parietal  convolution,  spares  the  contiguous  por- 
tion of  the  island  of  Reil  but  undermines  its  temporal  portion,  completely 
destroys  the  first  temporal  convolution  and  sinks  into  the  deep  substance 
of  the  second  temporal,  whence  it  extends  more  deeply  at  one  point  and 
completely  severs  the  external  and  internal  sagittal  layers.  The  latter 
focus  exactly  replaces  in  this  section  the  sclerotic  field  observed  in  the 
previous  sectiwi  at  the  infero-external  angle  of  the  sphenoidal  horn. 
The  normal  fibres  which  then  lay  immediately  above  it  are  now  seen  to 
trend  mesially  towards  the  lower  pole  and  lateral  border  of  the  sphenoidal 
prolongation  of  the  caudate  nucleus.  These  fibres,  it  will  be  remembered, 
we  attribute  to  the  geniculo-calcarine  fasciculus.  Below  the  seat  of 
lesion,  the  external  sagittal  layer  appears  diffusely  deg«enerated  owing  to 
the  presence,  at  more  anterior  levels,  of  additional  linear  extensions  from 
the  main  area  of  softening.  The  tapetum  and  internal  sagittal  layer  arc 
likewise  appreciably  degenerated.    The  intense  degeneration  of  the  retro- 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


LA  SALLE  ARCHAMBAULT  133 

and  sublenticular  segments  of  the  internal  capsule  is  fully  explained  by 
the  interruption  of  all  the  cortical  radiations  derived  from  the  occipital 
lobe,  the  first  and  second  temporal  convolutions,  the  insular  region  and  the 
supra-Sylvian  gyri.  Retrc^jade  degeneration  of  the  internal  and  external 
geniculate  fibres  undoubtedly  contributes  its  share  towards  rendering  this 
sclerosis  so  extreme.  Without  the  sagittal  layers,  the  marked  discolora- 
tion of  the  deep  substance  of  uninvolved  convolutions  reveals  the  wide- 
spread connections  of  the  association  fibre-systems,  the  interdependence  of 
supposedly  distinct  association  tracts.  In  the  temporal  lobe,  the  pallor 
of  the  subcortex  extends  beneath  the  sphenoidal  horn  into  the  depth  of 
the  gyrus  hippocampus,  thus  showing  that  the  inferior  segment  of  the 
cingulum  reacts  to  lesions  of  the  lateral  convexity.  This  involvement  of 
the  cingulum  serves  at  the  same  time  to  delimit  the  subventricular  segment 
of  the  external  sagittal  layer,  a  projection-path  with  which  it  is  so  inti- 
mately blended  in  the  normal  state  that  it  is  impossible  to  distinguish 
between  them.  This  very  intimacy  of  relationship  has  unquestionably 
been  a  most  potent  factor  in  inducing  the  earlier  writers  to  regard  the 
ventral  portion  of  the  external  sagittal  layer  as  an  association  bundle. 
In  the  parietal  lobe,  likewise,  the  degeneration  of  the  fasciculus  arcuatus 
extends  high  up  into  the  ascending  frontal  convolution,  sharply  defining 
the  base  of  the  corona  radiata  against  the  short  subcortical  association- 
loops.  The  degeneration  even  affects  the  fronto-parietal  or  superior  seg- 
ment of  the  cingulum,  and  despite  the  unfortunate  tear  in  the  upper  part 
of  the  section,  the  pallor  of  the  deep  substance  of  the  gyrus  fomicatus  is 
distinctly  appreciable.  There  exists  a  considerable  atrophy  of  the  body 
of  the  corpus  callosum  and  of  the  fornix.  A  last  feature  of  interest  is 
the  sharpness  of  outline  of  the  anterior  and  posterior  brachia  of  the 
quadrigeminal  bodies  resulting  from  the  extreme  discoloration  of  the 
superficial  and  middle  layers  of  the  anterior  colliculus. 

The  following  section  (PI.  Ill,  Fig.  5)  passes  through  the  most  pos- 
terior portion  of  the  external  geniculate  body  which  is  seen  to  be  de^ 
ddedly  atrophied,  shrunken  and  discolored,  especially  in  its  mesial  seg- 
meht,  as  the  result  partly  of  retrograde  degeneration  and  partly  of  pro- 
longed functional  inactivity.  Nevertheless,  the  lateral  limiting  field  of 
Wernicke  is  abundantly  supplied  with  healthy  nerve-fibres  except  in  its 
superior  portion,  where  it  is  traversed  by  the  dorsal  fasciculi  of  the 
geniculo-calcarine  tract  in  their  course  from  the  geniculate  body  to  the 
vertical  segment  of  the  external  sagittal  layer.  That  these  bundles  have 
undergone  retrograde  degeneration,  there  can  be  no  doubt.  Their  course 
through  the  retrolenticular  segment  of  the  internal  capsule  is  easily  fol- 
lowed. Immediately  beneath  this  degenerated  zone,  several  obliquely- 
directed  healthy  fasciculi  are  seen  to  abandon  the  external  sagittal  layer 
and  to  wend  their  way  mesially  and  upward  towards  Wernicke's  field; 
they  are  the  very  fibres  which,  in  the  preceding  section,  were  seen  to 
collect  about  the  caudate  nucleus.  They  have  simply  been  displaced  up- 
wards in  their  forward  course  and  pass  gradually  into  the  lowermost 
field  of  the  internal  capsule.  Similarly,  it  will  be  noticed  that  the  next 
lower  segment  of  the  external  sagittal  layer,  previously  occupied  by  a 
focus  of  softening,  now  a  thoroughly  sclerotic  area,  tapers  down  to  a  fine 
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filiform  process  as  it  passes  upward  and  inserts  itself  between  the  caudate 
nucleus  and  the  overlying  healthy  fasciculi,  which  it  thus  di^laces 
upward  and  laterally  towards  the  external  capsule  and  into  the  retro- 
lenticular  division  of  the  internal  capsule.  This  section,  I  consider 
admirably  suited,  owing  to  this  rare  alternation  of  preserved  and  de- 
generated fascicuU  of  geniculo-calcarine  fibres,  to  demonstrate  the  peculiar 
detours  which  these  fibres  fdlow  in  reaching  the  external  sagittal  layer 
after  their  emergence  from  the  external  geniculate  body.  All  these  fea- 
tures were  incorporated,  however,  in  my  first  description  of  the  genicnlo- 
cakarine  tract  A  fact  to  be  noted,  is  that  the  healthy  fasciculi  coursing 
towards  Wernicke's  field  comprise  a  larger  number  of  fibres  than  the 
sum  total  of  the  fibres  whidi  escaped  involvement  and  whidi  form  the 
normal  field  observed  at  the  infero-extemal  angle  of  the  ^enoidal  horn. 
This  reappearance  of  normal-staining  medullated  fibres  in  the  domain  of 
the  retro-  and  sublenticular  segments  of  the  internal  capsule  steadily 
increases  as  we  consider  more  and  more  anterior  levels,  and  this  fact, 
coupled  with  the  existence  of  a  fairly  well-supplied  field  of  Wernicke, 
dearly  shows  that  there  is  a  partial  restoration  of  the  degenerated  gen- 
iculo-calcarine  tract  before  it  reaches  its  nucleus  of  origin,  the  external 
geniculate  body.  In  other  words,  ascending,  cellulipetal  or  retrograde 
degeneration  has  not  extended  over  the  entire  length  of  the  central 
segment  of  the  divided  nerve,  but  has  become  arrested  at  a  vari- 
able distance  from  its  trophic  centre.  The  linear  d^eneration  of 
the  remainder  of  the  external  sagittal  layer  has  become  more  distinct 
The  degeneration  of  the  internal  sagittal  la3rer  is  well-marked  and  in- 
volves more  particularly  the  constituent  fibres  of  Ttirck's  fasciculus,  of 
which  that  layer  at  this  level  is  largely  composed.  The  retrolenticular 
segment  of  the  internal  capsule  is  less  widely  degenerated  than  in  the 
preceding  section  but  the  sclerosis  is  more  intense.  The  fronto-parietal 
corona  radiata  which  was  previously  relatively  well-preserved,  now  pre- 
sents an  appreciable  degeneration  more  especially  of  its  lateral  field 
(stratum  sagittate  externum  fronto-parietale  of  Anton  and  Zingerle) ;  its 
mesial  division,  on  the  contrary,  remains  practically  normal.  This  latter 
segment  of  the  fronto-parietal  corona  radiata  has  received  several  names: 
"  corona  radiata  of  the  caudate  nucleus  "  (Meynert) ;  "  callosal  fasciculus 
coursing  to  the  internal  capsule  "  (Wernicke,  Gratiolet,  Foville) ;  **  reticu- 
lar zone  of  the  corona  radiata"  (Sachs);  "stratum  sagittale  internum" 
(Anton  and  Zingerle).  This  last  designation  appears  to  us  to  be  the  most 
appropriate  for  this  layer  which  contains  fibres  belonging  to  both  projec- 
tion and  commissural  systems.  The  commissural  fibres  are  fewer  in 
number,  pursue  a  vertical  course  (on  a  frontal  section)  and  simply  repTe- 
sent  the  callosal  radiations  going  to  and  from  the  island  of  Reil  and  the 
first  temporal  convolution;  so  that  the  predominating  and  therefore  dis- 
tinctive element  of  the  fronto-parietal  internal  sagittal  layer  is  the 
projection-fibre.  Sachs  has  always  maintained  this  view  and  demon- 
strative cases  have  been  published  by  Anton-Zingerle'  and  by  me*.    It  is 

*  Anton    Zingerle:  Bau.  Leistunff  und  Erkrankung  des  menschlichen   Stimhinies,  pp 

•  Nouvelle  Icono^aphie  de  La  Salp^tri&re.  1906,  No.  a,  pp.  aoo-aor. 
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this  very  structure,  it  will  be  remembered,  which  Dejerine  and  others 
have  attempted  to  isolate  as  a  long  association  tract  "the  occipito-frontal 
fasciculus/'  If  such  were  the  true  nature  of  the  internal  layer  of  the 
fronto-parietal  corona  radiata,  I  should  certainly  expect  to  find  it  appre- 
ciably compromised  in  this  case  in  which  there  is  complete  destruction 
of  the  deep  sagittal  layers  bordering  upon  the  lateral  wall  of  the  descend- 
ing horn  of  the  lateral  ventricle  and  interruption  therefore  of  the  great 
majority  of  the  fibres  of  occipital  derivation.  On  the  contrary,  we  find 
it  remarkably  intact  It  remains  so  throughout  the  series  of  sections, 
despite  the  fact  that  for  some  considerable  distance  anterior  to  the 
actual  level,  the  supra-Sylvian  convolution  continues  to  be  the  seat  of 
lesions  which  encroach  upon  the  proximal  field  of  the  corona  radiata  and 
which  have  determined  a  marked  degeneration  of  the  entire  posterior  limb 
of  the  internal  capsule.  It  thus  becomes  evident  that  the  internal  sagittal 
layer  differs  materially  from  the  external  layer  as  regards  the  source  and 
connections  of  its  constituent  fibres.  I  have  already  expressed  the  opinion 
that  this  layer  is  in  relation  with  the  mesial  surface  of  the  fronto-parietal 
]obe,  more  particularly  with  the  gyrus  fornicatus,  and  that  its  fibres  are 
mainly  corticipetal,  taking  their  origin  probably  from  the  anterior  tubercle 
and  mesial  nucleus  of  the  optic  thalamus.  There  is  an  appreciable  dis- 
coloration and  atrophy  of  the  dorsal  half  of  the  optic  thalamus,  most 
marked  in  the  region  of  the  lateral  nucleus  which  is  in  relation  with  the 
parietal  lobe.  The  mesial  segment  of  the  thalamus  is  likewise  rather 
pallid,  but  it  is  normally  poor  in  medullated  nerve-fibres.  Lying  directly 
upon  its  ventricular  surface  is  seen  the  ganglion  habenulae  with  its  ascend- 
ing fasciculus,  the  taenia  thalami.  The  posterior  commissure  appears  very 
distinctly  subdivided  into  two  bundles,  of  which  the  superior  represents 
the  stem  of  the  pineal  gland.  The  internal  geniculate  body  is 
markedly  atrophic  and  flattened  from  above  downward;  its  ventral 
segment  is  totally  empty,  whereas  its  dorsal  segment  receives  the  termi- 
nating fibres  of  the  posterior  brachium  which  may  also  be  followed  micro- 
scopically into  the  dorsal  laminae  of  the  external  geniculate  body.  The 
degeneration  of  the  parietal  and  temporal  divisions  of  the  cingulum  is 
still  distinctly  appreciable. 

The  next  section  (PI.  Ill,  Fig.  6)  differs  but  very  little  from  the  fore- 
going from  which  it  is  separated  by  only  three  serial  numbers.  It  is 
mainly  intended  to  show  the  appearance  of  the  external  geniculate  body 
at  the  level  of  its  full  development  It  will  be  seen  that  this  body  has 
preserved  its  g^ross  morphology,  but  that  it  is  decidedly  atrophic  generally 
and  that  its  transverse  diameter  particularly  is  much  reduced.  On  closer 
study,  it  appears,  so  to  speak,  bisected  in  its  vertical  extent;  its  mesial 
segment,  totally  discolored,  is  more  slender,  shorter  and  does  not  appose 
itself  fully  to  the  outer  segment,  but  seems  displaced  upwards.  The 
lateral  segment  presents  the  typical  laminated  arrangement  and  is  limited 
externally  by  the  triangular  field  of  Wernicke  which  is  rapidly  gaining 
in  number  of  medullated  nerve-fibres.  The  sublenticular  division  of  the 
internal  capsule  is  likewise  more  abundantly  supplied.  The  aspect  of  the 
external  geniculate  body  is  typical  and  there  can  be  no  doubt  that  in  the 
production  of  this  marked  discoloration  and  atrophy,  retrograde  degener- 
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ation  has  been  chiefly  concerned;  but  it  must  not  be  forgotten  that  the 
softening  is  one  of  old  date  and  that  the  geniculo-calcarine  tract  has  been 
intercepted  at  a  relatively  proximal  distance  from  its  nucleus  of  origin, 
much  nearer  the  external  geniculate  body  than  the  calcarine  cortex.  We 
have  thus  present  the  two  main  elements  which  determine  retrograde 
degeneration,  chronicity  and  proximity  of  lesion.  This  appearance  is  rare, 
I  believe,  in  lesions  even  of  long  standing  limited  to  the  occipital  lobe. 
I  have  often  seen  under  such  circumstances,  a  generalized  atrophy  of  the 
external  geniculate  body  but  without  appreciable  concomitant  discolora- 
tion; the  proximal  portion  of  the  geniculo-calcarine  tract  would  be  re- 
constituted in  front  of  the  lesion  though  it  would  likewise  present  a 
distinct  atrophy.  The  atrophy  of  both  the  geniculate  body  and  its  tract, 
I  attribute  to  the  unquestionable  influence  of  functional  inactivity. 

Case  III.    CoL...     (PL  IV,      ). 

Central  softening  of  the  right  temporal  lobe  from  obliteration  of  the 
sphenoid  branch  of  the  middle  cerebral  artery.  The  lesion,  one  of  only 
four  weeks*  standing,  extends  from  the  tip  of  the  temporal  pole  in  front 
to  about  the  level  of  the  anterior  border  of  the  splenium  of  the  corpus 
callosum  behind.  The  patch  is  irregularly  pyramidal  in  shape,  with  its 
base  directed  forward  and  its  apex  inserted  in  the  tapettun  of  the  descend- 
ing horn  of  the  lateral  ventricle  below  the  point  where  the  caudate 
nucleus  curves  forward  to  pass  into  the  sphenoidal  horn.  The  lesion 
spares  at  all  points  the  cortex  and  the  immediate  subcortical  zone.  An- 
teriorly, at  the  level  of  the  anterior  border  of  the  external  geniculate 
body  (Fig.  i),  the  softening  destroys  all  the  deep  white  matter  situated 
to  the  outer  side  of  the  sphenoidal  horn,  i.  e.,  the  deep  substance  of  the 
three  temporal  convolutions  and  the  fusiform  lobule;  it  spares  entirely 
the  gyrus  hippocampus.  It  is  limited  above  by  the  lenticular  nucleus 
which  is  itself  totally  undisturbed,  internally  by  the  ventricular  wall, 
below  and  to  the  outer  side  by  the  subcortex  of  the  temporal  convolutions. 
The  destruction  has  been  so  extreme  that  a  cavity  with  jagged  walls  is 
all  that  remains  of  the  centrum  of  this  region.  The  occipital  lobe  is 
absolutely  intact. 

This  case,  like  the  others,  has  been  studied  by  means  of  serial  sections 
from  the  temporal  to  the  occipital  pole.  The  temporo-parietal  sections 
have  been  stained  according  to  the  Weigert-Pal  method;  the  entire 
occipital  lobe  has  been  subjected  to  osmic  acid  impregnation. 

A  section  taken  at  the  level  of  the  full  development  of  the  external 
geniculate  body  (PI.  IV,  Fig.  i)  shows  that  all  that  remains  of  the 
white  matter  of  the  temporal  lobe  is  the  subcortical  system  of  short 
association  fibres.  These  fibres  stain  relatively  well  and  the  Baillarger 
streak  is  noticeably  well-preserved  in  the  cortex  of  the  first  temporal 
convolution.  The  external  geniculate  body  has  retained  its  normal  con- 
figuration but  appears  atrophic,  it  is  shrivelled  up  generally  and  flattened 
from  side  to  side;  its  myelin-lamellae  though  well-stained  are  pressed 
closer  together  and  present  numerous  angular  deflections.  At  more  pos- 
terior levels,  the  inner  segment  of  the  external  geniculate  body  is  not 
only  atrophied  but  even  discolored  and  no  longer  apposes  itself  fully  to 
the  outer  segment,  thus  producing  the  peculiar  bisected  appearance  al- 
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ready  observed  in  the  preceding  case.  Nevertheless,  in  this  as  in  all  other 
sections  passing  through  the  external  geniculate  body,  it  is  seen  that 
Wernicke's  field  is  unusually  well-supplied  with  normal-staining  medul- 
lated  fibres.  From  the  upper  part  of  Wernicke's  field  a  considerable 
number  of  them  can  be  followed  outward  into  the  peri-focal  sclerotic 
zone;  they  represent,  for  the  most  part,  geniculo-calcarine  fibres  which 
have  not  yet  undergone  retrograde  degeneration.  The  lower  part  of 
Wernicke's  field,  however,  is  occupied  by  several  decidedly  degenerated 
fasciculi  which  belong  to  Arnold's  temporo- thalamic  bundle,  the  fibres  of 
which  course  from  the  temporal  pole  to  the  optic  pulvinar.  At  slightly 
anterior  levels,  a  fairly  broad  and  totally  sclerosed  fasciculus  can  be  fol- 
lowed from  the  sublenticular  segment  of  the  internal  capsule,  above  the 
external  geniculate  body  and  the  optic  tract,  into  the  outermost  division 
of  the  pes  pedunculi;  it  represents  Turck's  temporo-cerebellar  tract.  In 
the  actual  section  the  lower  field  of  the  posterior  limb  of  the  internal 
capsule  is  diffusely  but  distinctly  degenerated.  The  external  and  extreme 
capsules  are  markedly  degenerated  and  the  discoloration  may  be  followed 
upward  into  the  subcortex  of  the  parietal  convdutions  as  high  as  the 
superior  hemispheral  border.  Beneath  the  sphenoidal  horn,  the  trans- 
verse segment  of  the  external  sagittal  layer  is  partly  preserved,  but  it 
consists  at  this  level  especially  of  the  fibres  of  the  cingulum  and  its 
relative  integrity  may  be  explained  by  the  fact  that  the  gyrus  hippocampus 
is  intact.  Below  this  layer  the  subcortex  is  decidedly  discolored  and  the 
degeneration  extends  very  distinctly  into  the  most  mesial  portion  of  the 
gyrus  hippocampus  where  it  occupies  the  domain  of  the  cingulum.  The 
corresponding  portion  of  the  tapetum  contains  a  few  deeply-stained  fasci- 
culi which  seem  to  emerge  from  the  hippocampal  septum  and  which 
advance  beyond  the  infero-external  ventricular  angle. 

The  internal  sagittal  layer  of  the  fronto-parietal  corona  radiata  is 
practically  intact  and  in  this  particular  series  of  sections  appears  unusually 
well-defined.  It  will  be  noticed,  however,  that  the  adjacent  subependymal 
rone  is  distinctly  degenerated,  and  that  the  discoloration  extends  into  the 
hook-shaped  peri-ventricular  portion  of  the  corpus  callosum  and  then 
mesial  ly  along  the  lower  border  of  the  callosal  commissure ;  showing  that 
anterior  temporal  lesions  react  upon  the  trunk  of  the  corpus  callosum. 
An  appreciable  degeneration  is  observed  in  the  mass  of  fibres  (dorsa! 
thalamic  bundle)  which  course  along  the  superior  border  of  the  optic 
thalamus  and  join  the  contiguous  portion  of  the  internal  capsule.  The 
area  of  degeneration  extends  downward  outside  the  lamina  medullaris 
externa  of  the  optic  thalamus  and  is  probably  related  to  the  lesion  of 
the  fibres  derived  from  the  hippocampal  and  uncinate  gyri.  I  have 
previously  referred  to  the  fact  that  important  connections  are  established 
between  the  optic  thalamus  and  the  gyrus  fomicatus,  or  first  limbic  con- 
volution, through  the  dorsal  thalamic  bundle  and  the  internal  sagittal 
layer  of  the  fronto-parietal  corona  radiata;  it  is  possible  that  this  bundle 
serves  to  establish  similar  connections  with  the  gyrus  hippocampus,  or 
second  limbic  convolution,  by  means  of .  fibres  which  traverse  the  tem- 
poral  corona   radiata  and  the  internal   capsule.    A   very  distinct  pallor 
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is  noticeable  in  the  domain  of  the  internal  geniculate  body  and  in  the  deep 
portion  of  the  anterior  corpus  quadrigeminum. 

The  sections  intervening  between  this  one  and  that  next  to  be  described 
show  a  very  decided  atrophy  and  discoloration  of  the  mesial  segment  of 
the  optic  thalamus  which  we  know  to  be  in  relation  with  the  temporal 
convolutions.  The  area  of  softening  becomes  more  and  more  drcnm- 
scribed,  abandons  the  subcortex  of  the  first  temporal  convolution  and 
recedes  from  the  lower  hemispheral  border,  forming  a  quadrangtdar  focus 
limited  to  the  deep  sagittal  layers  which  border  upon  the  lateral  ven- 
tricular wall  The  posterior  and  retrolenticular  segments  of  the  internal 
capsule  appear  diffusely  degenerated  throughout  the  series  of  sections, 
and  this  degeneration,  which  is  too  widely  distributed  to  correspond 
exclusively  to  the  passage  of  the  temporal  cortical  radiations  into  the 
optic  thalamus,  evidently  represents  in  part  the  temporal  fibres  whidi 
reach  the  corpus  callosum  via  the  external  and  internal  capsules. 

A  section  passing  through  the  splenium  of  the  corpus  callosum  (PL 
IV,  Fig.  2)  shows  that  the  lesion  is  now  confined  to  that  portion  of  the 
tapetum  and  internal  sagittal  layer  situated  immediately  beneath  die 
descending  segment  of  the  caudate  nucleus.  A  distinct  degeneration  is 
observed  in  the  central  portion  of  the  splenium  and  extends  npwsird 
along  the  lower  segment  of  the  forceps  major.  The  internal  sagittal  layer 
of  the  parietal  corona  radiata  is  still  readily  discernible  and  apparently 
normal.  In  the  temporal  lobe,  the  external  sagittal  layer  has  become 
reconstituted  practically  in  its  entirety,' whereas  the  internal  sagittal  layer 
is  massively  degenerated,  appearing  as  an  exceptionally  well-defined  scler- 
otic band  which  courses  mesially  below  the  sphenoidal  horn  and  disap- 
pears in  the  depth  of  the  gyrus  hippocampus  where  it  blends  with  the 
area  of  degeneration  of  the  cingulum.  The  ventral  portion  of  the  tapetum 
like  the  external  sagittal  layer  is  in  good  part  restored,  but  peculiarly 
enough,  both  these  structures  are  far  less  preserved  than  would  appear 
from  the  macroscope  study  of  this  section  and  from  comparison  with  the 
markedly  discolored  internal  sagittal  layer.  Microscopically,  it  is  seen 
that  the  external  sagittal  layer,  its  ventral  segment  more  particularly,  con- 
tains but  few  normal  fibres.  For  the  most  part,  the  fibres  are  coarsely 
fragmented  or  reduced  to  irregularly  beaded  shreds,  and  the  whole  layer 
is  stuffed  with  granular  bodies.  That  such  an  altered  fibre-mass  should 
still  exhibit  relatively  good  staining  qualities  would  seem  at  the  first 
g^ce  difficult  to  explain;  but  it  must  not  be  forgotten  that  we  have  to 
do  with  a  softening  of  only  four  weeks'  duration,  which  is  hardly  sufficient 
to  determine  a  sclerosis  appreciable  with  the  Weigcrt-Pal  method.  The 
fact  that  other  tracts,  the  internal  sagittal  layer,  tor  instance,  already 
show  distinct  discoloration,  is  not  contradictory  of  the  above  statement. 
We  know  that  normally,  the  various  tracts  differ  very  considerably  in 
their  susceptibilities  to  staining  reagents  as  regards  both  rapidity  and 
intensity  of  reaction;  likewise,  we  know  that  pathologically,  there  are 
appreciable  variations  in  the  degree  of  resistance  o^'^r^^^X  by  the  individual 
tracts  to  degenerative  sclerosis. 

Here  again,  outside  the  vertical  segment  of  the  external  sagittal  layer 
a  well-defined  zone  of  discoloration  exists,  which  can  be  followed  upward 
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into  the  subcortex  of  the  parietal  convolutions  and  mesially  beneath  the 
sphenoidal  horn  into  the  depth  of  the  gyrus  hippocampus;  showing  that 
the  cinguliun  derives  a  fair  proportion  of  its  constituent  fibres  from  the 
convolutions  of  the  temporal  convexity.  It  should  be  stated  that  at  this 
level,  the  domain  of  the  geniculo-calcarine  fasciculus  is  actually  occupied 
in  great  part  by  the  focus  of  softening  and  that  the  corticifugal  projection 
fibres  derived  from  the  mesial  convolutions  and  inferior  border  of  the 
temporal  lobe  course  through  the  external  sagittal  layer;  a  fact  which 
contributes  materially  to  the  relative  staining  integrity  of  this  layer. 

The  Marchi  sections  through  the  occipital  lobe  (PI.  IV,  Fig.  3)  alt 
show  abundant  granular  bodies.  In  the  anterior  portion  of  this  lobe,  the 
granular  bodies  occupy  mainly  the  ventral  segment  of  the  external 
sagittal  layer  and  the  corresponding  portion  of  the  tapetum;  the  internal 
sagittal  layer  being  practically  free.  As  we  consider  more  and  more 
posterior  levels,  we  note  that  the  Marchi  granules  gradually  ascend 
through  the  vertical  segment  of  the  external  sagittal  layer  until  w6 
reach  the  occipital  pole,  when  it  is  seen  that  they  have  invaded  the  whole 
of  the  external  layer,  forming  practically  a  closed  ring  of  granular  bodies 
around  the  internal  sagittal  layer  and  the  retroventricular  callosal  stratum. 
Throughout  the  posterior  portion  of  the  occipital  lobe,  the  granules  are 
essentially  confined  to  the  domain  of  the  external  layer,  which  they 
thickly  beset  throughout;  but  they  are  far  more  abundant  in  its  ventral 
than  in  its  dorsal  segment.  The  tapetum  and  internal  sagittal  layer 
contain  at  this  level  but  few  granular  bodies.  Outside  of  the  external 
sagittal  layer  and  corresponding  to  the  subcortex  of  the  occipital  con- 
vexity, a  few  stray  granules  are  here  and  there  to  be  seen,  which  evi- 
dently represent  degenerated  association  fibres  derived  from  the  temporal 
lobe.  From  the  superior  and  inferior  horizontally-directed  segments  of 
the  external  sagittal  layer,  strings  of  granules  are  constantly  detached 
which  radiate  into  all  parts  of  the  cortex  bordering  upon  the  calcarine 
fissure.  In  many  places  the  granules  may  be  followed  beneath  the 
Gennari  line.  In  their  course  from  the  external  sagittal  layer  to  the 
calcarine  cortex,  the  degenerated  fibres  pass,  in  considerable  numbers^ 
through  the  internal  sagittal  layer. 

/  / 

RESUME    AND    INTERPRETATION    OF    THE    VARIOUS    DEGENERATIVE 

SCLEROSES  AND  NUCLEAR  ATROPHIES  OBSERVED  IN  ALL  THREE 

CASES. 

In  the  first  place  as  regards  the  external  sagittal  layer,  we  have 
seen  that  its  occipital  portion  degenerates  from  before  backward 
in  cases  of  deep-seated  lesions  of  the  temporal  lobe.  Twice,  once 
with  the  Weigert-Pal  stain  and  once  with  the  Marchi  method,  we 
have  found  a  complete  sclerosis  of  the  external  sagittal  layer  in 
an  otherwise  perfectly  healthy  occipital  lobe,  induced  by  exten- 
sive foci  of  encephalomalacia  limited  to  the  temporal  lobe.  .We 
must  therefore  assume  that  the  course  of  the  constituent  fibres 
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of  the  occipital  external  sagittal  layer  is  corticipetal.  In  Case  I, 
in  which  the  softening  is  confined  to  the  posterior  part  of  the 
parieto-temporal  lobe,  we  have  seen  that  in  the  more  anterior  and 
normal  regions  of  the  temporal  lobe,  the  degenerative  sclerosis 
occupies  both  the  external  and  internal  sagittal  layers,  but  that  it 
is  far  less  volimiinous  than  would  be  expected  from  the  extensive 
lesion  of  the  peri-Sylvian  convolutions ;  showing  that  a  fair  pro- 
portion of  the  fibres  intercepted  have  become  reconstituted  in 
front  of  the  lesion,  i,  e.,  that  their  course  must  therefore  be  cor- 
ticipetal. Under  both  groups  of  circumstances  then,  we  have 
very  distinct  evidence  that  the  constituent  fibres  of  the  occipital 
external  sagittal  layer  take  their  origin  from  some  level  anterior 
to  that  of  the  pulvinar  of  the  optic  thalamus.  The  actual  cases 
do  not  permit  us  to  make  more  definite  statements  regarding  the 
real  source  of  these  fibres,  but  we  have  previously  demonstrated 
that  anterior  temporal  lesions  limited  to  the  cortex  and  immediate 
subcortex  determine  no  appreciable  reaction  in  the  d(»nain  of 
the  occipital  external  sagittal  layer  and  that  the  external  genicu- 
late body  represents  the  nucleus  of  origin  of  this  layer. 

We  have  already  sufficiently  insisted  upon  the  fact  that  the 
external  sagittal  layer  of  the  temporal  lobe  is  a  far  more  complex 
structure  than  that  of  the  occipital  lobe  and  that  it  is  grossly 
incorrect  to  regard  the  one  as  the  unmodified  continuation  of 
the  other. 

The  intimacy  of  relation  between  projection  and  association 
fibres  has  been  a  constant  feature  throughout.  Particularly  in- 
structive in  Case  I  in  which  it  furnished  the  motive  for  compari- 
son of  our  case  with  that  of  von  Monakow,  this  feature  was  like- 
wise distinctly  appreciable  in  both  the  other  cases.  Owing  to 
secondary  degeneration,  the  domain  of  the  external  sagittal  layer, 
which,  in  the  normal  state,  is  extremely  ill-defined  against  that 
of  the  cingulum  in  the  temporal  lobe  and  that  of  the  bundles  of 
Sachs,  Vialet  and  Wernicke  in  the  occipital  lobe,  became  sharply 
delimited.  The  interdependence  of  the  various  association  tracts 
is  another  feature  which  this  series  of  cases  serves  to  clearly 
demonstrate.  We  saw  that  both  divisions  of  the  cingulum,  the 
parietal  which  courses  through  the  subcortex  of  the  gyrus  fomi- 
catus  and  the  temporal  which  occupies  the  depth  of  the  gyrus 
hippocampus,  were  decidedly  aflfected  by  lesicms  of  the  temporo- 
parietal convexity;  Cases  II  and  III  both  illustrate  this  point 
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very  distinctly.  The  cingulum  which  is  generally  regarded  as 
being  the  great  association  bundle  of  the  mesial  hemispheral 
region  is  thus  likewise  related  to  the  lateral  convexity,  as  it  re- 
ceives from  the  latter  territory  a  considerable  number  of  fibres. 
We  believe  that  the  parietal  segment  of  the  cingulum  is  in  rela- 
tion with  the  fasciculus  arcuatus  and  the  temporal  segment  with 
the  fasciculus  imcinatus.  Again,  it  was  observed  in  Case  III, 
that  the  lesion  in  the  domain  of  the  fasciculus  uncinatus  had 
determined  an  appreciable  discoloration  of  the  fasciculus  arcua- 
tus by  means  of  fibres  which  course  upward  through  the  external 
capsule.  It  thus  becomes  apparent  that  all  the  association-tracts 
of  the  cerebral  hemisphere  are  more  or  less  interdependent. 

The  tapetum,  i.  e,,  the  innermost  of  the  deep  sagittal  layers  of 
the  temporo-occipital  lobe,  that  which  borders  directly  upon  the 
ventricular  ependyma,  is  constituted  essentially  by  the  fibres  of 
the  corpus  callosum  of  which  it  is  simply  the  intrahemispheral 
expansion.  It  abandons  fibres  to  and  receives  the  same  from  all 
the  convolutions;  these  fibres  traversing  in  their  course  the  in- 
ternal and  external  sagittal  layers  more  or  less  at  right  angles. 
The  callosal  radiations  of  the  anterior  portion  of  the  temporal 
lobe  reach  the  trunk  of  the  corpus  callosum  by  coursing  through 
the  external  and  internal  capsules ;  a  fact  well  illustrated  in  Case 
III.  The  external  capsule  is  thus  in  g^eat  part  tributary  of  the 
callosal  system,  conveying  likewise  the  callosal  fibres  of  the  island 
of  Reil. 

The  tapetum  is  totally  independent  from  the  internal  sagittal 
layer  of  the  fronto-parietal  lobe.  The  statement  of  Dejerine  and 
others,  that  lesions  of  the  temporal  lobe  react  upon  this  layer, 
is  not  borne  out  by  the  facts  observed  in  our  cases.  In  both 
Cases  II  and  III,  the  greater  part  of  the  temporal  lobe,  including 
the  tapetum,  is  destroyed,  and  yet  we  note  the  persistence  of  the 
fronto-parietal  internal  sagittal  layer  which  is  even  exceptionally 
well-defined.  This  layer,  we  repeat,  is  part  and  parcel  of  the 
corona  radiata. 

In  Cases  II  and  III  we  observed  a  massive  degeneration  of 
the  outer  division  of  the  pes  pedunculi  or  ventral  segment  of  the 
cerebral  peduncle.  This  area,  as  is  well  known,  is  the  domain  of 
Tiirck's  fasciculus,  the  constituent  fibres  of  which  are  derived 
from  the  cerebral  cortex  and  pass  into  the  brain-stem  through  the 
sublenticular  division  of  the  internal  capsule.    In  Case  I,  in  which 
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the  lesion  is  practically  confined  to  the  parieto-occipital  lobe,  in- 
volving only  the  base  of  the  first  temporal  convolution,  there  exists 
no  appreciable  sclerosis  in  the  domain  of  the  pes  pedunculi.  The 
study  of  these  cases  shows  that  the  parietal  and  occipital  lobes  do 
not  send  any  fibres  into  the  ventral  portion  of  the  brain-stem  as 
was  formerly  supposed.  Tiirck's  fasciculus  is  derived  solely 
from  the  cortex  of  the  temporal  lobe. 

In  Cases  II  and  III,  in  which  all  connections  between  the 
basal  ganglia  and  the  calcarine  cortex  have  been  destroyed,  we 
note  an  extreme  discoloration  and  atrophy  of  the  optic  pulvinar 
and  anterior  corpus  quadrigeminum  and  an  atrophy  of  the  ex- 
ternal geniculate  body.  In  Case  II,  owing  to  retrograde  degen- 
eration, this  body  presents,  in  addition,  a  marked  discoloration. 
In  all  three  cases  there  exists,  in  keeping  with  the  involvement 
of  the  first  temporal  convolution,  a  decided  atrophy  and  degenera- 
tion of  the  internal  geniculate  body;  a  relation  first  established 
by  von  Monakow  and  subsequently  confirmed  by  Mahaim,  De- 
jerine  and  others. 

In  Cases  II  and  III  in  which  the  greater  part  of  the  temporal 
lobe  is  destroyed,  there  exists  a  marked  atrophy  and  degeneration 
of  the  mesial  nucleus  of  the  optic  thalamus ;  in  Cases  I  and  II, 
in  which  there  is  likewise  considerable  implication  of  the  parietal 
lobe,  we  note  in  addition,  a  distinct  discoloration  and  atrc^y  of 
the  dorsal  segment  of  the  lateral  nucleus. 

CONCLUSIONS. 

1.  The  external  sagittal  layer  of  the  temporo-occipital  lobe  is 
composed  essentially  of  projection  fibres ;  its  occipital  segment  is 
constituted  by  the  geniculo-calcarine  fasciculus,  the  fibres  of 
which  take  their  origin  from  the  external  geniculate  body  and 
terminate  in  both  the  upper  and  lower  lips  of  the  calcarine  fissure, 
but  more  particularly  in  the  latter. 

2.  The  various  association  tracts  of  the  cerebral  hemisphere 
are  all  more  or  less  interdependent  and  represent  topographic 
subdivisions  of  one  main  fibre-system  rather  than  distinct  and 
individual  bundles. 

3.  The  tapetum  is  formed  essentially  by  the  fibres  of  the  cor- 
pus callosum. 

4.  The  internal  sagittal  layer  of  the  f ronto-parietal  lobe  is  part 
and  parcel  of  the  corresponding  portion  of  the  corona  radiata  and 
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probably  serves  to  establish  the  connections  between  the  gyrus 
fornicatus  and  the  optic  thalamus. 

5.  Tiirck's  bundle  takes  its  origin  exclusively  from  the  cortex 
of  the  temporal  lobe.  The  parietal  and  occipital  lobes  take  no 
part  in  the  constitution  of  the  pes  pedunculi  or  ventral  segment 
of  the  cerebral  peduncle. 

6.  The  existence  in  the  brain  of  man  of  an  occipito-frontal 
association  bundle  is  totally  inadmissible. 

In  terminating,  I  desire  to  acknowledge  my  indebtedness  to  my 
teacher,  Pierre  Marie,  who  has  kindly  supplied  me  with  the 
material  utilized  for  this  publication. 


PRIMARY  CARCINOMA  OF  THE  VERMIFORM  APPEN- 
DIX, WITH  THE  REPORT  OF  TWO  CASES. 

By  C.  W.  LOUIS  HACKER,  M.  D. 

The  present  general  interest  in  primary  carcinoma  of  the  ver- 
miform appendix,  a  disease  at  one  time  of  interest  only  to  the 
pathologist  but  now  attracting  also  the  attention  of  the  surgeon, 
appears  to  warrant  the  publication  of  the  observations  herein 
detailed.  The  literature  of  the  subject  has  been  fully  covered  by 
recent  writers  and  only  a  brief  summary  of  it  will  be  given  in 
this  report. 

Attention  was  first  called  to  the  subject  in  1882  by  Bcgcr 
who  made  a  clinical  as  well  as  histologic  diagnosis.  The  second 
case  was  reported  by  Stimson  in  1896,  since  when  the  nimiber 
has  steadily  increased.  The  increase  in  the  number  of  reported 
cases  is  in  all  probability  due  to  the  now  almost  universal  custom 
of  examining  microscopically  all  material  removed  at  operation. 
I  have  collected  from  the  literature  ninety-five  undoubted  cases 
in  which  a  histologic  diagnosis  was  made.  These  are  reported 
by  Burman,  Baldauf  (3),  Barrow,  Battle,  Becker,  Beger,  Biggs, 
Brandt  (2),  Coons,  Cullingworth  and  Comer,  Driessen,  Eccles, 
Elting  (2),  Giscard,  Goffe,  Griinbaum,  Hammond,  Harte  (9), 
Harte  and  Willson  (2),  Hurdon,  Hessberg,  Jessup,  Jones  and 
Sunmons,  Kaufman  (2),  A.  O.  J.  Kelly  (5),  Kelly  and  Hurdon 
(3),  Korte  (3),  Kudo  (4),  Landau,  LeConte,  Lejars,  LetuUe 
and  Weinberg  (8),  Lubarsch,  Mason  and  Rhea,  McBumey  (2), 
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McCosh,  Mc Williams,  Moschcowitz  (3),  Mosse  and  Danmic, 
Myerstein,  Neri,  Norris,  Patel,  Regling,  RoUeston,  Schrumpf, 
Stimson,  Walsham,  Warthin,  Weber,  Weinberg,  Weir,  Weil, 
White  and  Zaaijer  (6). 

Of  the  above  cases,  eight  were  examined  at  this  laboratory. 
These,  reported  by  Elting,  Baldauf  and  Harte  I  shall  describe 
briefly. 

I.  Elting—l/lTS,  L.,  thirty-six  years  of  age,  had  shown  no  symptoms  of 
appendicitis.  A  bilateral  salpingo-oophorectomy  was  performed  for 
chronic  pelvic  inflammation.  The  appendix,  apparently  normal,  was  re- 
moved, as  a  matter  of  routine,  but  on  microscopic  examination  was  found 
to  be  the  seat  of  a  small  alveolar  carcinoma,  one  cubic  centimeter  from  the 
proximal  end.    The  lumen  was  everywhere  obliterated. 

II.  Elting^-The  patient  was  a  male,  eighty-one  years  of  age.  The 
appendix  was  removed  at  autopsy  on  an  individual  whose  death  was  due 
to  pulmonary  tuberculosis  and  cardiac  disease.  The  clinical  history  pre- 
sented no  symptoms  of  disease  of  the  appendix.  The  appendix  was  free 
from  adhesions  and  measures  five  and  five-tenths  centimeters  in  length. 
The  distal  portion  of  the  organ  for  a  distance  of  three  and  five-tenths 
centimeters  was  much  enlarged  (three  centimeters  in  diameter).  Pro- 
jecting from  the  convex  surface  of  the  enlarged  portion  at  about  its 
middle  point  and  opposite  the  mesenteric  attachment  was  a  mass  of  yel- 
lowish green,  translucent  gelatinous  substance.  On  section  through  the 
middle  of  the  organ  the  lumen  was  found  to  be  filled  with  a  similar 
gelatinous  material.    Sections  showed  colloid  carcinoma. 

III.  Baldauf — Mr.  H.,  thirty-eight  years  of  age,  presented  syn^itoms  of 
appendicitis  the  day  before  the  operation.  The  appendix  was  adherent 
beneath  the  umbilicus,  and  was  considerably  thickened  and  covered  with 
fibrin.  The  lumen  was  patent  and  the  mucosa  injected  and  the  seat  of 
small  foci  of  necrosis.  The  anatomical  diagnosis  was  acute  appendidtift 
and  the  microscopic  diagnosis  carcinoma  simplex  with  ulceration,  acute 
appendicitis  and  periappendicular  suppuration. 

IV.  Baldauf—HLr,  B.,  twenty-three  years  of  age,  had  had  three  attacks 
of  appendicitis,  the  last  beginning  five  years  before  the  operation.  The 
appendix  was  adherent  and  the  lumen  obliterated.  Microscopic  examina- 
tion revealed  an  alveolar  carcinoma  replacing  the  mucosa  and  invading 
the  muscularis  and,  on  the  mesenteric  side,  subserous  tissue  also. 

V.  Baldauf^A  girl,  eight  years  of  age,  presented  symptoms  of  appen- 
dicitis, severe  in  character,  two  days  before  the  operation.  The  appendix 
was  surrounded  by  an  inflammatory  mass  and  contained  a  small  amount 
of  pus  in  its  distal  portion  which  was  thickened  and  indurated  and  sur- 
rounded by  granulation  tissue.  The  proximal  half  was  normal  and  the 
entire  lumen  patent  The  anatomical  diagnosis  was  chronic  ai^>endicitis 
with  partial  organization  of  a  periappendicular  abscess;  the  microscopic 
examination  revealed  an  alveolar  carcinoma  involving  the  subumcosa. 

VI.  Harte— 'Miss  M.  A.,  fourteen  years  of  age,  presented  a  history  of 
acute  appendicitis.    The  appendix  was  swollen  and  measured  six  and 
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five-tenths  centimeters  in  length.  The  external  surface  was  covered  in 
places  by  a  fibrino-purulent  exudate.  All  coats  were  thickened  and  the 
mucosa  presented  numerous  punctate  hemorrhages  and  small  areas  of 
ulceration.  At  a  distance  of  two  cubic  centimeters  from  the  proximal 
end  was  a  slight  thickening  affecting,  particularly,  the  mucosa.  The 
anatomical  diagnosis  was  acute  diffuse  and  ulcerative  appendicitis  with 
fibrino-purulent  periappendicitis.  The  microscopical  examination  showed 
an  alveolar  carcinoma  in  addition  to  the  acute  inflammatory  condition. 

VII.  Harte— Miss  W.  P.,  thirteen  years  of  age,  had  a  definite  history 
of  appendicitis.  The  appendix  was  markedly  thickened  and  firmer  than 
normal.  To  its  peritoneal  surface  were  attached  numerous  firm  fibrous 
tags  and  one  cubic  centimeter  from  the  tip  was  an  area  of  necrosis  with 
perforation.  The  lumen  was  patent  and  the  mucosa  thickened  and  studded 
with  minute  hemorrhages.  An  anatomical  diagnosis  was  made  of  chronic 
s^pendicitis  with  acute  exacerbation,  gangrene  and  perforation.  The 
microscopic  examination  revealed  in  addition  a  carcinoma  of  the  ap- 
pendix. 

VIII.  Harte — Miss  K.  B.,  twenty-one  years  of  age,  presented  a  clinical 
history  of  appendicitis.  The  appendix  throughout  the  distal  two-thirds 
was  considerably  thickened  and  at  the  distal  extremity  had  numerous  firm 
tags  attached.  At  the  junction  of  the  middle  and  proximal  thirds  the 
lumen  was  obliterated  and  the  distal  end  was  considerably  thickened  and 
filled  with  a  greenish  faecal  mass.  The  mucosa  of  the  distal  two-thirds 
showed  spots  of  hemorrhage.  Microscopic  examination  showed  in  addi- 
tion to  the  chronic  obliterative  appendicitis  a  primary  carcinoma. 

In  addition  to  these  eight  cases  observed  in  this  laboratory,  I 
have  met  with  two  others  during  the  first  year  of  my  service  as 
assistant  in  surgical  pathology.  In  neither  of  these  was  there 
a  history  of  appendicitis,  the  appendix  in  each  instance  being 
removed  in  the  course  of  an  operation  on  other  organs.  Brief 
summaries  of  the  clinical  histories  and  pathological  examina- 
tions follow: 

Case  L  Records  of  the  Bender  Laboratory,  Surg.  Path.  No.  07-557. 
Oinical  History— -Mrs.  J.  M.  S.,  thirty-one  years  of  age,  married,  entered 
the  Albany  Hospital  (service  of  Dr.  A.  H.  Traver)  on  April  21,  1907. 
Her  family  history  was  uneventful  and  her  past  history  offered  no  evi- 
dence of  disease  of  the  appendix.  Since  her  last  menstruation  (February 
28,  1907)  she  has  had  a  dull  pain  in  lower  abdomen  which  increased  in 
March  and  April.  Physical  examination  revealed  an  old  laceration  of 
the  perineum  and  uterine  cervix  and  a  purulent  discharge  from  the 
cervical  canal.  At  the  operation  on  April  22d,  the  uterine  cavity  was 
curetted  and  the  perineum  and  uterine  cervix  repaired.  On  account  of  a 
past  history  of  eclampsia  a  laparotomy  was  performed  to  ligate  the 
Fallopian  tubes.  The  right  ovary  being  cystic,  a  salpingo-oophorectomy 
was  performed.  The  appendix  was  removed  as  a  matter  of  routine. 
Convalescence  was  uneventful  and  the  patient  has  improved  in  health 
since  the  operation. 
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Pathological  Examination. — The  specimen  consists  of  an  appendix  five 
cubic  centimeters  in  length.  The  peritoneal  surface  is  normal.  The  distal 
half  of  the  organ  is  thickened  and  indurated  and  twice  the  diameter  of 
the  proximal  end,  the  latter  being  normal.  The  lumen  is  patent  through- 
out and  the  mucosa  normal.  Anatomical  diagnosis  was  chronic  appen- 
dicitis. 

Microscopic  Examination — ^The  mucosa  is  intact  but  between  the  glands 
of  Lieberkuhn  occasional  small  areas  of  newly  formed  connective  tissue 
are  present.  Beneath  the  mucosa  are  occasional  irregular  areas  of 
lymphoid  tissue.  At  one  side  and  entirely  within  the  submucosa  are  areas 
of  densely  packed  cells,  the  outlines  of  which  are  indistinct  but  which  are 
of  the  epithelial  type.  The  nuclei  of  these  cells  are  round,  deeply  stain- 
ing and  show  no  evidence  of  mitosis.  The  smaller  areas  have  a  tubular 
arrangement  No  direct  communication  between  these  areas  and  the 
epithelium  lining  the  glands  of  Lieberkuhn  or  covering  the  mucosa,  is 
present.  Throughout  the  submucosa  and  musculature  considerable  granu- 
lation tissue  is  present.  There  is  a  marked  infiltration  of  leucocytes  which 
at  one  point  in  the  submucosa  form  a  distinct  abscess.  The  peritoneal 
coat  is  oedematous  and  contains  a  few  leucocytes.  The  blood  vessels  are 
engorged.  Microscopic  diagnosis — carcinoma  simplex  of  the  vermiform 
appendix.    Chronic  appendicitis. 

Case  II.  Records  of  the  Bender  Laboratory,  Surg.  Path.  No.  07-698. 
Clinical  History — Mrs.  M.  C,  thirty-nine  years  of  age,  married,  multipara^ 
entered  the  Albany  Hospital  (service  of  Dr.  J.  A.  Sampson)  on  May  7, 
1907.  The  family  history  is  of  little  importance.  Past  history  reveals  no 
symptoms  suggesting  appendicitis.  Present  illness— Ten  days  before  ad- 
mission to  the  hospital  patient  had  an  acute  attack  of  pain  in  the  lower 
abdomen  associated  with  fever.  No  diagnosis  was  made  and  the  findings 
at  the  operation,  ten  days  later,  failed  to  disclose  any  cause  for  the  symp- 
toms. The  diagnosis  was  made  on  admission  of  weakened  pelvic  floor 
with  retroflexed  utertis.  At  the  operation  on  May  'loth  a  retrofiexed 
uterus  was  fixed.  As  a  matter  of  routine  the  appendix  was  examined 
and  as  a  small  nodule  was  felt  the  appendix  was  removed.  The  pelvic 
floor  was  then  repaired.  The  convalescence  was  uneventful  The  patient 
has  been  in  excellent  health  since  the  operation. 

Pathological  Examination.  Specimen  consists  of  an  appendix  measur- 
ing six  centimeters  in  length  and  having  a  mesentery  attached.  About 
five  millimeters  from  the  tip  it  is  bent  upon  itself  beyond  which  is  a  con- 
striction due  to  a  fibrous  band  passing  around  it  Between  the  distal  end 
and  the  mesentery  a  distinct  band  of  adhesions  is  present  At  the  junc- 
tion of  the  middle  and  distal  thirds  is  another  constriction.  The  blood 
vessels  of  the  peritoneum  are  engorged.  On  section  the  lumen  of  the 
distal  third  is  found  to  be  obliterated  by  scar  tissue  The  remaining 
mucosa  is  normal  in  color  but  slightly  thickened.  Anatomical  diagnosis — 
chronic  appendicitis  with  partial  obliteration. 

Microscopic  Examination.    Sections  are  from  that  portion  of  the  ap-  ' 
pendix  which  is  bent  upon  itself.    No  lumen  is  present  and  the  mucosa 
and  submucosa  are  apparently  replaced  by  very  cellular  young  connective 
tissue  which  at  one  place  extends  down  to  the  musculature.    The  remain- 
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ing  submucosa  is  composed  of  a  fat  and  dense  connective  tissue.  Close 
to  what  appears  to  have  been  the  lumen  are  numerous  areas  of  densely 
packed  polyhedral  cells,  the  nuclei  of  which  are  large,  round  and  contain 
a  fair  amount  of  chromatin.  No  mitotic  figures  are  present.  The  proto- 
plasm is  small  in  amount  and  no  intercellular  substance  is  visible. 
About  these  areas  a  small  amotmt  of  connective  tissue  is  present  The 
internal  muscular  layer  contains  numerous  small,  round  and  epithelioid 
cells.  The  blood  vessels  of  the  peritonetun  are  dilated.  Microscopic 
diagnosis — carcinoma  simplex  of  the  vermiform  appendix;  chronic  oblit- 
erative  appendicitis. 

These  two  cases  with  the  three  reported  by  Harte  give  a 
total  of  five  primary  cancers  of  the  appendix  observed  in  this 
laboratory  during  the  past  four  years  (Sept.  i,  1904  to  Sept. 
I,  1908)  in  a  series  of  1298  appendices  removed  at  operation 
and  examined  microscopically.  The  proportion  of  cancer  is 
therefore  as  i  to  260  or  approximately  four-tenths  of  one  per 
cent  If  to  these  five  arc  added  the  five  reported  by  Elting 
and  Baldauf,  we  have  ten  carcinomata  observed  in  one  labora- 
tory in  a  period  of  twelve  years  in  the  routine  examination  of 
2033  appendices,  a  proportion  of  i  to  203,  or  practically  one- 
half  of  one  per  cent. 

From  a  review  of  these  cases  little  that  is  new  can  be  pre- 
sented. The  symptomatology  if  symptoms  be  present,  is  that  of 
either  acute  or  chronic  appendicitis.  The  vermiform  appendix 
having  no  striking  function  to  perform,  the  presence  of  a  neo- 
plasm in  the  absence  of  inflammation  would  not  produce  symp- 
toms pathognomonic  of  a  physiological  disturbance.  The  only 
symptom  in  the  early  stage  might  be  pain  due  to  pressure  upon 
the  sensory  nerves  or  to  obstruction  of  the  lumen.  The  vast 
majority  of  cases  in  which  pain  was  present  gave,  however,  a 
history  of  recurrent  attacks  more  characteristic  of  chronic  inflam- 
mation than  of  carcinoma.  It  is  noteworthy  that  of  the  thirty- 
two  out  of  ninety-six  cancerous  appendices  presenting  no 
symptoms  and  removed  at  autopsy  or  during  operation  for  other 
lesions,  only  four  appeared  normal  to  the  naked  eye.  All  others 
showed  macroscopic  changes,  usually  inflammatory  in  nature, 
suggesting  the  advisability  of  removal.  Three  of  these  appa- 
rently normal  showed  on  section  a  chronic  obliterative  appen- 
dicitis in  addition  to  carcinoma.  Another  argument  is  therefore 
offered  for  the  removal,  in  the  course  of  abdominal  operations  of 
every  appendix  showing  evidence  of  disease. 

Age  plays  a  very  important  role  for  in  youth  carcinoma  occurs 
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with  greater  frequency  in  the  appendix  than  in  any  other  organ 
of  the  body.  Of  ninety-one  cases  in  which  the  age  is  given, 
the  average  was  twenty-nine  and  one-tenth  years.  In  females  it 
was  twenty-eight  and  one-tenth  and  in  males  thirty  and  three- 
tenths  years.  The  youngest  was  eight  and  the  oldest,  eighty-one. 
One  may  judge  from  the  following  table  the  frequency  with 
which  this  disease  occurs  during  the  various  decades  of  life. 
3.29  per  cent,  during  the  ist  decade 
1648       "  "        "   2nd       " 

39.56       "  "        "   3rd       " 

27.47       "  "        "   4th        " 

549       "  "        "    5th       " 

4.39       "  "        "   6th       " 

0.00       "  "        "   7th       " 

2.19       "  "        "   8th       " 

1.09       "  "        "   9th 

Cancer  of  the  appendix  occurs  more  frequently  in  the  female 
than  in  the  male.  Of  eighty-eight  cases,  fifty-four  or  sixty-one 
and  three-tenths  per  cent  were  in  females  whereas  only  thirty- 
four  or  thirty-eight  and  seven-tenths  per  cent,  were  in  males. 
A  possible  explanation  may  be  the  greater  frequency  of  laparot- 
omy on  the  female.  About  one-fifth  of  the  cancers  in  women 
were  found  accidentally  during  laparotomy  for  other  conditions. 
Numerous  observations  both  clinical  and  anatomical  suggest 
very  strongly  that  carcinoma  of  the  appendix  is  secondary  to 
chronic  inflammation.  While  the  appendix  is  an  organ  which 
undergoes  atrophy  this  apparently  does  not  predispose  it  to  car- 
cinomatous change.  The  period  of  life  during  which  these  cases 
most  frequently  occur,  corresponds  to  that  of  chronic  appendi- 
citis and  not  atrophy.  Qinically,  forty-seven  per  cent,  of  the 
cases  presented  symptoms  of  chronic  appendicitis  but  histolog- 
ically nearly  all  appendices  were  the  seat  of  chronic  inflammation. 
In  twenty-eight  per  cent,  also  an  obliterative  appendicitis 
was  present. 

In  this  connection  Ribbert'3  theory  would  appear  to  offer  an 
explanation  of  the  development  of  carcinoma  in  the  appendix. 
In  chronic  appendicitis  the  connective  tissue  changes  are  most 
marked  about  the  glands  of  Lieberkiihn  so  that  a  portion  of  the 
cells  might  become  detached  by  cicatricial  contraction  and  con- 
tinue to  proliferate;  or  during  obliteration  a  portion  of  the 
mucosa  may  become  included  within  the  scar. 
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The  anatomical  diagnosis  is  usually  difficult  if  adjacent  struc- 
tures are  involved  or  metastatic  nodules  are  present  in  other 
viscera.  The  appendix  in  twenty-three  of  eighty-five  cases  pre- 
sented a  tumor  as  it  lay  in  the  abdomen;  in  twenty-four  the 
tumor  was  discovered  after  removal ;  in  the  remainder  the  tumor 
was  discovered  only  upon  microscopic  examination.  This  empha- 
sizes the  importance  of  examining  microscopically  every  diseased 
appendix. 

The  most  frequent  site  at  which  carcinoma  is  found  is  the  tip. 
Of  seventy-eight  cases  in  which  the  location  is  mentioned  it 
involved  in  forty-eight  the  distal  extremity. 

Carcinoma  of  the  appendix  may  be  of  any  of  the  types  found 
elsewhere  in  the  intestines  but  the  spheroidal  cell  cancer  is  the 
most  frequent.  Of  those  reported  in  detail  sixty-one  and  five- 
tenths  per  cent,  were  spheroidal  cell,  thirty-six  per  cent  glandu- 
lar, and  two  and  five-tenths  per  cent,  colloid. 

The  tumor  is  usually  limited  to  the  mucosa  and  submucosa. 
In  only  thirty  of  the  seventy-eight  analyzed  did  it  extend  to  the 
subserosa  or  serosa.  Infiltration  is  apparently  along  the  lym- 
phatics to  the  mesentery  for  in  six  cases  it  was  most  pronounced 
opposite  the  menenteric  attachment  and  in  nine  the  mesentery 
was  involved. 

Metastases  are  not  often  found  but  this  may  be  due  to  the 
early  removal  of  the  primary  growth.  Metastatic  growths  wefc 
present  in  the  retroperitoneal  lymph  nodes  in  two  cases  and  in 
the  ileo-colic  in  one.  One  case  died  with  general  metastasis 
and  in  one  were  multiple  nodules  beneath  the  peritoneum.  The 
cecum  was  involved  in  only  two  cases. 
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BENDER  HYGIENIC  LABORATORY. 

Annual  Report  of  the  Director  for  the  Year  Ending 
August  31,  1908. 

To  the  Trustees  of  the  Bender  Hygienic  Laboratory: 

I  have  the  honor  to  submit  my  report  for  the  year  ending' 
August  31,  1908. 

The  Work  of  the  Laboratory, — The  routine  examinations  of 
all  kinds  are  summarized  in  the  following  table:  no  important 
changes  in  the  character  of  this  work  have  occurred. 


Table  I.    Routine  Examinations  Made  by  the  Staff  of  the  Bender 
Laboratory  from  September  i,  1907  to  August  31,  1908. 
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X34 
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Laboratory  courses  for  undergraduates  of  the  Albany  Medical 
College  have  been  given  as  follows : 

1.  Normal  Histology. — Drs.  Beilby  and  Douglas,  six  hours 
a  week. 

2.  Pathology  and  Bacteriology. — Drs.  Pearcej  Sawyer,  Hawn 
and  Doescher,  eight  hours  a  week. 

3.  Qinical  Microscopy. — Drs.  Hawn,  Sawyer  and  Rulison, 
two  and  a  half  hours  a  week  (Dr.  Laird  on  leave  of  absence). 

4.  Surgical  Pathology. — Drs.  Elting,  Hacker  and  Sibley,  two 
and  a  half  hours  a  week. 

5.  Histology  and  Pathology,  in  connection  with  the  course 
in  Obstetrics. — Drs.  Lipes  and  Douglas,  two  and  a  half  hours 
a  week. 

6.  Anatomy  and  Pathology  of  the  Nervous  System. — ^Dr. 
Archambault,  two  and  a  half  hours  a  week. 
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7.  Experimental  Physiology  (Second  year). — ^Dr.  Jackson, 
five  hours  a  week  during  first  half  year. 

8.  Experimental  Physiology  (First  year). — Dr.  Becker,  two 
hours  a  week. 

Among  those  who  have  availed  themselves  of  the  opportunity 
to  work  in  the  Laboratory  for  considerable  periods  of  time  are, 
Drs.  J.  A.  Sampson  of  Albany,  E.  J.  Buchan  of  Chicago,  B.  F. 
May  of  New  York  City,  J.  Wingate  of  Schenectady,  W.  C. 
Treder  of  Syracuse,  H.  H.  Drake  of  Albany,  and  Messrs.  Nelson 
Fromm,  E.  S.  Haswell  and  W.  A.  Bing  of  the  Albany  Medical 
College,  and  L.  W.  Gorham  and  A.  W.  Morrison  of  the  Johns 
Hopkins  Medical  School  and  Mr.  George  W.  V.  Spellacy  of  the 
New  York  State  Department  of  Agriculture.  These  have  as- 
sisted in  the  routine  work  of  the  Laboratory,  pursued  special 
lines  of  study  or  engaged  in  research  work. 

Investigations  undertaken  during  the  year  are  as  follows: 

1.  Hacker,  C.  W.  L.,  The  Appearance  of  Glycuronic  Acid  in 
Certain  Conditions  of  Diminished  Oxidation,  Jour,  Am.  Med. 
Assoc,  1908,  L,  252. 

2.  Beilby,  G.  E.,  A  Clinical  Study  of  Hypernephroma  with 
Pathological  Reports,  Surgery,  Gynecology  and  Obstetrics,  i9o8» 
Sept,  279. 

3.  Pearce,  R.  M.,  The  Influence  of  the  Reduction  of  Kidney 
Substance  upon  Nitrogenous  Metabolism,  Journal  of  Experimen- 
tal Medicine,  1908,  X,  632. 

4.  Pearce,  R.  M.  and  Sawyer,  H.  P.,  Concerning  the  Presence 
of  Nephrotoxic  Substances  in  the  Senmi  of  Animals  with  Ex- 
perimental Nephritis,  Journal  of  Medical  Research,  1908, 
XIX,  269. 

5.  Sampson,  J.  A.  and  Pearce,  R.  M.,  A  Study  of  Experimen- 
tal Reduction  of  Kidney  Tissue  with  Special  Reference  to  the 
Changes  in  that  Remaining,  Journal  of  Experimental  Medicine, 
1908,  X,  745. 

6.  Pearce,  R.  M.,  The  Relation  of  the  Adrenal  Gland  to 
Chronic  Nephritis  and  to  Arteriosclerosis :  An  Anatomical  Study, 
Journal  of  Experimental  Medicine,  1908,  X,  735. 

7.  Jackson,  H.  C.  and  Elting,  A.  W.,  Clinical  Notes  and 
Physico-Chemical  Study  of  Salt  Elimination  in  the  Urine  of  an 
Individual  with  General  Oedema  of  Obscure  Origin,  Followed 
by  Cure,  The  Archives  of  Internal  Medicine,  1908,  II. 

8.  Pearce,  R.  M.,  A  Note  on  the  Occurrence  of  Spontaneous 
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Arterial  D^eneration  in  the  Rabbit,  Jour,  of  Am,  Med.  Assoc, 
1908,  LI,  1056. 

9.  Jackson,  H.  C,  The  Effect  of  O)nditions  upon  the  Latent 
Period  and  Rate  of  Aseptic  Post  Mortem  Autolysis  during  the 
First  Ten  Hours,  Journal  of  Experimental  Medicine,  1909,  XI,  55. 

10.  Archambault,  L.,  The  Inferior  Longitudinal  Bundle  and 
Geniculo-Calcarine  Fasciculus. 

11.  Hacker,  C.  W.  L.,  Primary  Carcinoma  of  the  Vermiform 
Appendix  with  Report  of  Two  Cases. 

12.  Jackson,  H.  C,  Hawn,  C.  B.  and  Sawyer,  H.  P.,  A  Study 
of  Normal  Daily  Variations  in  the  Physical  and  Chemical  Com- 
position of  the  Blood  in  Relation  to  Normal  Opsonic  and  Phago- 
cytic Indices  (in  press). 

13.  Jackson,  H.  C,  Hawn,  C.  B.  and  Sawyer,  H.  P.,  The 
Influence  of  Variations  in  Osmotic  Pressure  of  Blood  and  Serum 
upon  Opsonic  and  Phagocytic  Indices  (in  press). 

14.  Jackson,  H.  C.  and  Baldauf,  L.  K.,  A  Chemical  Study  of 
the  Liver  during  Fatty  Transformation  (in  press). 

15.  Jackson,  H.  C.  and  Hawn,  C.  B.,  Note  on  the  Sterility 
of  Living  Organs  (Dog)  (uncompleted). 

16.  McDonald,  E.,  Sarcoma  of  the  Uterus,  with  Report  of 
Nine  Cases. 

17.  Elting,  A.  W.  and  Tredway,  E.  E.,  Hereditary  Gangrene 
in  Early  Life  due  to  Endarteritis. 

18.  McDonald,  Ellice  and  Krieger,  W,  A.,  Bilateral  Tubal 
Pregnancy,  with  Report  of  Two  Cases. 

19.  Hacker,  C.  W.  L.,  Carcinoma  of  the  Umbilicus. 

20.  Archambault,  L.,  Contribution  to  the  Anatomy  and  Patho- 
geny of  Angenesia  of  the  Corpus  Callosum. 

Of  these  investigations,  the  third  to  sixth  inclusive  and  the 
eighth,  ninth,  twelfth,  and  fourteenth  were  conducted  under  grants 
made  to  the  Director  and  Dr.  H.  C.  Jackson  by  the  Rockefeller 
Institute  for  Medical  Research ;  the  first,  seventh  and  thirteenth 
under  similar  grants  from  the  Committee  on  Scientific  Research 
of  the  American  Medical  Association. 

Changes  in  the  Staff. — The  changes  in  the  staff  this  year  are 
quite  general.  My  own  resignation  takes  effect  September  first, 
in  order  that  I  may  accept  the  Professorship  of  Pathology  at 
the  New  York  University  and  Bellevue  Hospital  Medical  College 
of  New  York  City.    Drs.  H.  P.  Sawyer  and  C.  B.  Hawn  termi- 
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nate  their  connection  with  the  Laboratory  on  August  31st;  the 
former  accompanies  me  to  New  York  to  become  Instructor  in 
Pathology  in  the  New  York  University  and  Bellevue  Hospital 
Medical  College ;  the  latter  enters  general  practice  in  Albany.  To 
one  of  these  vacancies  has  been  appointed  M.  D.  Cronin  (M.  D., 
Albany  Medical  College,  1907)  ;  the  other  has  not  yet  been  filled. 
Dr.  C.  W.  L.  Hacker  resigned  June  ist  to  enter  private  practice 
and  has  been  succeeded  by  J.  L.  Bendell  (A.  B.,  Yale,  1903, 
M.  D.,  Albany  Medical  College,  1907).  Dr.  T.  F.  Doescher 
resigned  July  ist  to  become  an  assistant  to  Dr.  Albert  Vander 
Veer  and  in  his  place  has  been  appointed  L.  H.  Gaus  (M.  D., 
Albany  Medical  College,  1907).  R.  C.  Keigher  (M.  D.,  Albany 
Medical  College,  1907)  has  been  appointed  Pathological  House- 
Officer  by  the  Board  of  Governors  of  Albany  Hospital  to  succeed 
Dr.  W.  A.  Krieger,  who  resigned  July  ist  to  accept  the  position 
of  Pathologist  to  the  Vassar  Hospital  of  Poughkeepsie,  N.  Y. 

Work  of  the  Past  Five  Years. — As  this  report  marks  the  com- 
pletion of  my  five  years'  service  as  Director,  I  append  a  table 
showing  the  activities  of  the  laboratory  during  this  period.  This 
table  with  that  which  appeared  in  my  Third  Annual  Report 
(1906)  represent  graphically  the  work  and  development  of  the 
laboratory  since  its  opening  in  1896. 

Table  II.    Summary  of  Work  of  Past.  Five  Years,  1903-1908.* 


1904 

190S 

1906 

X907 

X908 

Totals 

ATenge 

Autopsies 

Surgical    Spedxnent. . 
Gen.  Bacteriology  and 
i    Qin.  Microscopy. . . 

"3 

1,003 

a,5iS 

tap 
x.a?! 

a.  683 

130 
1. 471 

2,961 

X3S 
1,6x7 

S.7as 

134 
x,709 

6.334 

641 
7.071 

30.ai8 

Its 
1. 178 

4.043 

Totals 

3.641 
6 

XX 

4.083 

6 
8 

4.SSa 

6 
17 

7.477 

8 
xa 

8,X77 

8 
II 

87. 930 

Laboratory  Cotirses. . 
Publications 

Worthy  of  special  mention  is  the  development  of  the  Depart- 
ment of  Physiological  Chemistry  under  the  able  direction  of  Dr. 
H.  C.  Jackson.  This  department,  established  three  years  ago, 
has  been  of  great  value  in  connection  with  the  routine  work  and 
has  added  vastly,  as  may  be  seen  in  the  titles  of  published  inves- 
tigations, to  the  possibilities  of  co-operation  in  research  work. 
Dr.  Jackson's  relation  to  the  laboratory  work,  both  routine  and 
experimental,  has  been  very  intimate  and  has  made  it  possible  to 

*  Bach  yeariy  period  ending  August  3  ist. 
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apply  to  any  problem  the  methods  of  physiology  and  chemistry 
in  addition  to  those  of  pathology  and  bacteriology. 

I  therefore  take  this  opportunity  to  express  my  appreciation 
of  the  great  value  to  the  laboratory  of  Dr.  Jackson's  work  and 
also  of  his  very  cordial  co-operation  during  the  past  three  years. 
Moreover  I  would  suggest  to  your  board  the  appointment  of  an 
additional  assistant  to  aid  in  the  further  devel(q)ment  of  this  very 
important  aspect  of  laboratory  effort. 

The  Bender  Laboratory  Club. — This  organization  continues  to 
be  a  most  important  feature  of  the  laboratory  life.  The  guests 
during  the  past  year  were  Dr.  Warfield  T.  Longcope,  Director 
of  the  Ayer  Laboratory  of  the  Pennsylvania  Hospital  of  Phila- 
delphia who  discussed  our  newer  knowledge  of  Hodgkin's  disease 
and  Dr.  Henry  A.  Christian,  Assistant  Professor  of  Medicine 
at  the  Harvard  Medical  School,  who  presented  a  general  review 
of  recent  work  on  "  Experimental  Nephritis." 

"Studies  from  the  Bender  Laboratory." — The  fifth  volume 
of  this  laboratory  publication  will  appear  at  the  end  of  the  present 
year.  In  the  first  volume  ( 1904)  was  incorporated  a  short  sketch 
of  the  history  of  the  laboratory  together  with  a  list  of  previous 
publications  under  Dr.  Blumer's  directorship  and  portraits  of  the 
founder  and  the  first  director.  In  this,  as  in  succeeding  volumes, 
all  papers  published  from  the  laboratory  have  been  reprinted  in 
full  and  in  each  also  the  annual  report  of  the  director,  summa- 
rizing all  activities  of  the  laboratory,  changes  in  staff  and  other 
items  of  interest,  has  appeared.  These  volumes  thus  present, 
in  complete  form,  the  work  and  publications  of  the  laboratory 
and  constitute  as  well  a  general  history  of  the  institution.  They 
have  been  so  favorably  received  that  it  is  to  be  hoped  that  your 
board  will  see  its  way  clear  to  continue  this  annual  publication. 

Gifts. — It  is  a  great  pleasure  to  acknowledge  the  financial 
support  which  has  been  rendered  by  Drs.  Albert  Vander  Veer, 
Henry  Hun,  W.  G.  Macdonald,  Arthur  W.  Elting,  A.  H.  Traver 
and  C.  F.  Theisen.  These  gentlemen  have  contributed  ftmds 
which  have  been  used  for  special  assistants  in  surgical  pathology 
and  neuro-pathology,  for  apparatus,  and  to  a  small  extent  for 
defraying  the  expenses  of  the  last  volume  of  "  Studies  from 
the  Bender  Laboratory."  To  Dr.  Henry  Hun  we  are  also  in- 
debted for  a  set  of  lower  power  lenses  for  use  with  the  microscope 
attachment  of  the  projection  lantern.  This  very  general  assist- 
ance, which  may  be  taken  as  an  appreciation  of  the  usefulness 
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of  the  laboratory,  argues  well  for  its  support  and  development 
in  the  future. 

Finally,  as  this  report  marks  the  end  of  my  directorship,  I 
wish  to  express  my  appreciation  of  the  interest  which  your  board 
has  always  shown  in  the  work  of  the  laboratory  as  well  as  of 
your  ready  co-operation  in  the  development  of  its  activities. 
The  five  years  during  which  I  have  been  associated  with  the 
Bender  Laboratory  have  been  most  helpful  to  me  and  represent 
a  period  of  my  experience  as  pathologist  to  which  I  will  always 
look  back  with  the  greatest  pleasure  and  satisfaction.  If,  on 
the  other  hand,  I  have  helped  you,  as  I  sincerely  hope  I  have, 
to  develop  the  influence  of  the  Bender  Laboratory  and  to  ad- 
vance the  spirit  of  scientific  medicine  in  Albany,  there  will  be 
the  added  satisfaction  that  others  than  myself  have  profited  by 
our  mutual  efforts. 

Respectfully  submitted, 

Richard  M.  Pearce, 

August  31,  1908.  ,  Director. 
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In  Aemotiam 


Robert  G.  Scherer  was  born  in  Albany,  N.  Y.,  March  20, 
i86iy  his  father  being  a  prominent  merchant  of  that  day.  His 
^ucation  was  obtained  in  the  public  and  private  schools  of  this 
city  and  in  his  father's  store  and  at  the  Commercial  College  he 
received  a  thorough  business  training.  Adopting  law  as  his  pro- 
fession, young  Scherer  at  an  early  age  entered,  as  clerk,  the 
law  office  of  Paddock,  Draper  and  Chester.  After  several  years 
spent  in  this  office  he  attended  Cornell  University  and  was  grad- 
uated from  Columbia  Law  School.  About  1881  he  formed  a 
la\v  partnership  with  John  F.  Montignani  which  continued  for 
some  years.  On  the  dissolution  of  this  firm  he  was  associated 
with  J.  Murray  Downs  and  Neile  F.  Towner.  In  1884  he 
married  Anna,  daughter  of  James  T.  Story  of  Albany,  N.  Y., 
and  she  with  one  daughter  survive  him.  In  1898  he  was  ap- 
pointed Miscellaneous  Court  Reporter  and  so  well  was  his  work 
in  this  position  approved  by  his  profession  that  his  reappoint- 
ment in  1903  was  received  with  entire  satisfaction. 

As  a  lawyer  Robert  G.  Scherer  was  highly  esteemed.  He  ap- 
peared frequently  at  Special  Term  and  in  the  Appellate  Division 
and  Court  of  Appeals.  He  was  widely  known  as  a  counsellor  and 
adviser  in  matters  of  public  and  private  business.  Few  men  of 
his  years  in  so  arduous  and  exacting  a  profession  accomplished 
more  or  attained  such  eminence. 

Mr.  Scherer  was  a  Republican;  a  member  of  the  Board  of 
Public  Instruction  of  the  City  of  Albany  from  1885  to  1889 
and  introduced  many  reforms  in  the  school  system;  a  member 
of  Assembly  from  Albany  County  in  1896  and  1897  ^^^  Chair- 
man of  the  Judiciary  Committee ;  and  a  member  of  the  Committee 
on  Law  Reform  of  the  State  Bar  Association.  He  was  a  promi- 
nent Mason. 

The  characteristics  that  won  for  Robert  G.  Scherer  social, 
political  and  professional  prominence  were  his  thoughtfulness, 
thoroughness  and  efficiency.  He  was  of  a  quiet  and  almost  re- 
tiring disposition  but  possessed  a  charm  of  manner  and  cheer- 
fulness of  temperament  with  a  natural  kindliness  of  heart  that 
made  him  always  friendly,  affable  and  genial. 

Mr.  Scherer's  admirable  qualities  were  best  illustrated  by  the 
fact  that  although  his  life  was  filled  to  overflowing  with  varied 
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work  and  manifold  interests  connected  intimately  with  his  pro- 
fessional and  public  activities  he  gave  freely  of  his  time  and  intel- 
ligence to  the  management  of  the  Albany  Hospital  with  which 
institution  he  was  for  many  years  connected  and  of  which  he 
was  a  Governor  at  the  time  of  his  decease. 

In  the  encouragement  of  medical  science  as  in  all  matters 
philanthropic,  Mr.  Scherer  manifested  the  greatest  interest.  This 
drew  him  into  heartiest  collaboration  with  Mr.  Matthew  Bender^ 
the  founder  of  the  Bender  Hygienic  Laboratory  for  which  insti- 
tution he  prepared  the  constitution  and  by-laws.  He  served  as 
President  of  the  Trustees  of  the  Laboratory  from  February  23^ 
1904  until  his  death. 

After  a  lingerirg  illness  Mr.  Scherer  died  at  his  home  on 
Madison  Avenue  in  this  city  on  October  28,  1905  at  the  early 
age  of  forty-four  years. 

As  a  tribute  of  their  respect  for  their  late  President  the  Trus- 
tees of  the  Bender  Hygienic  Laboratory  passed  the  foUowing^ 
resolution  and  placed  it  upon  the  minutes. 

By  the  sad  and  untimely  death  of  Robert  G.  Scherer,  which 
occurred  at  his  home  November  i,  1905,  the  Board  of  Trustees 
of  The  Bender  Hygienic  Laboratory  lost  one  of  its  most  valued 
and  faithful  members. 

Mr.  Scherer  has  been  identified  with  the  Bender  Laboratory 
since  its  inception.  As  a  friend  and  the  attorney  of  Mr.  Matthew 
Bender,  the  donor  of  the  Laboratory  Building,  Mr.  Scherer  ad- 
vised with  and  aided  in  directing  and  carrying  out  Mr.  Bender's 
wishes  in  the  erection  of  the  Laboratory.  In  securing  from  the 
City  of  Albany  the  site  and  in  the  organization  of  the  corpo- 
ration, Mr.  Scherer  took  the  most  active  part  He  met  with  us 
at  the  organization  of  the  Board  Jtme  27,  1905,  and  has  been  in 
continuous  service  on  the  Board  since — ^acting  as  its  legal  ad- 
viser and  performing  all  other  duties  pertaining  to  his  trustee- 
ship with  the  deepest  interest  and  fidelity,  and  we  record  to-day 
the  expression  of  the  high  esteem  and  regard  in  which  he  was 
held,  and  our  appreciation  of  his  valued  services  on  the  Board. 

We  direct,  by  resolution,  that  a  copy  of  this  record  be  mailed 
to  his  bereaved  family,  together  with  the  expression  of  our 
deepest  sympathy  to  them  in  this  hour  of  their  great  sorrow. 
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